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Royal Prec 


Large-scale electronic computation at desk-side 
Operating from any convenient wall outlet, the powerful, low-cost LGP-30 
gives you the full flexibility of stored-program operation with an unusually 
large memory of 4096 words—2000 more than the next computer in its class! 

Because the LGP-30 command structure and controls have been remarkably 
simplified, you require only minimum experience. You get complete format 
control...alpha-numeric input-output via keyboard or punched paper tape. No 
additional equipment is required for operation although, if desired, a high- 
speed photoelectric reader—with or without mechanical punch—is available. 

The greatest computer value in the market, the LGP-30 requires no expen- 
sive installation or air-conditioning. It may be either purchased or leased. 
Customer training is free. An extensive library of programs and sub-routines 
is available—as well as membership in an active users organization. 


4 
Royal Precision Corporation 


Royal Precision is jointly owned by the Royal McBee and General Precision Equipment Corpo- 
rations. LGP-30 sales and service are available coast-to-coast, in Canada and abroad through 
Royal McBee Data Processing offices. For complete information and specifications, write 
ROYAL McBEE CORPORATION, data processing division, Port Chester, New York 


For additional information, circle No. 1 on the Readers’ Service Card 





EDITOR'S COveR NOTE: The Juno II 
exploding over Cape Canaveral 
focuses attention on the most 
important single problem facing 
our space industry: reliability. 

The fact exists that U.S. mis- 
sile failures are epidemic, that 
the Soviets have pinpointed a 
landing on the moon, that they 
could just as easily pinpoint an 
ICBM on New York or Los An- 
geles. Yet missile research is 
trial and error, and scientists 
learn something from every 
rocket that leaves the pad, no 
matter how inglorious its end. 

In this case, the Army’s Juno 
II veered dangerously inland as 
soon as it was launched. The 
range safety officer jabbed the 
destruction control. The huge 
rocket, built around the usually 
reliable Jupiter, crashed to earth 
some 150 ft. from the blockhouse. 
Reliability? At least the “de- 
struct” mechanisms succeeded. 

This issue carries a special 
section on space technology. 
Articles tell the Russian view 
on how satellites will be applied 
(page 44); truth and fiction re- 
garding the near-future of space 
technology (page 53); how earth- 
bound research is progressing 
via space simulation techniques 
(page 63); and the past and 
probable future “history” of the 
rocket (page 70). 

The spectacular “ failure’ belch- 
ing fire and smoke across I+R’s 
cover, underlines the aspirations 
implied in these articles: if 
space is to be conquered—and 
if American scientists are to be 
the conquistadores — reliability 
first must be mastered. 


Upcoming 


Reliabliilty—an Engineering 
Probiem for Management 


The Automation Controversy 
Microminiature Components 
Throw Away Your Clothes 
The Fiying Belt ie Here 


industry's Urge to Conform 
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STATE-OF-THE-ART ARTICLES 


the world's hottest alloys (conclusion) . 
Metals are getting more and more heat-resistant, 
but not fast enough to catch up with demand, 


by Harry B. Goodwin, metallurgy consultant, 
Battelle Memorial Institute. 


another automobile revolution 


New devices, components, and methods, and autos that fly, 
by K. M. Wylie Jr., contributing editor. 


can research save the railroads?. 


Featherbedding, politics, and government control 
versus newly applied methods and processes. 


new materials 


What happened to Pyroceram? And a photographic 
film that is developed in boiling water. 


SPECIAL SECTION: SPACE TECHNOLOGY 


the use of artificial satellites: 
a soviet perspective 


A USSR view of how satellites can be applied, 
by Ari Shternfeld, foremost Russian scientist. 


the dream world of space. 


Jumping on the bandwagon of the space business, 
by Dr. J. R. Pierce, a research director 
of Bell Telephone Laboratories. 


simulating space 


Exploring the varied conditions of space in the laboratory, 
by Alexander I. Newman, president of Hudson Bay Co., 
and Robert J. Dennis, chief liaison engineer, 

Inland Testing Laboratories. 


the rocket: a past and future history 


A revealing history that continues into the probable future, 
by Norman P. Gentieu and Dr. Meyer M. Markowitz, 
Foote Mineral Co. 


DEPARTMENTS 


research on research 

letters to the editor 

four -—notes on the fourth issue 
research for the investor . 


mitttery R&D... + + «© = © © © © © 2 
by Lt. Gen. Arthur G. Trudeau, chief of Army R&D 


the research trendietter 


Index to volume 1 of IeR . 
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Industrial Research magazine is published 
to help management men and engineers 
keep informed of the profitable applications 
of research in all fields of industry. 
Its goal is to help place research ona par 
with other management functions, 
such as sales, finance, production, 
and engineering, and—by doing this 

to help reduce the time lag 


between invention and production. 


INDUSTRIAL RESEARCH 


200 6. MICHIGAN AVENUE + CHICAGO 4 
the new bimonthly management magazine 


Subscriptions: $5 for one year; $9 for two 
years; $13 for three years, to United States, 
its possessions, and Canada; $1 extra for 
each six issues to foreign countries. Foreign 
remittance by International Money Order 
payable at Chicago, Ill., U.S.A. When chang- 
ing address, please notify Circulation Dept. 
at address above. As le R is a management 
magazine, changes of job title are important 
and notification is appreciated. 


Advertising: |- R accepts 1, 2, 3, and 4-color 
ads, either offset or letterpress. Inserts, spe- 
cial paper stocks, die-cuts are available. Rate 
and data card showing complete closing date 
schedule, special colors, and frequency and 
bulk rates, is available to advertisers and 
agencies. Telephone: HArrison 7-1794, Chi- 
cago; address above. 


Editorial: Professional science writers, in- 
dustrial executives, research workers, educa- 
tors, artists, and photographers are invited to 
query the editor at address above, with ideas 


for articles or art. Do not send manuscripts 
without query. Answers to queries are prompt. 


Reproduction prohibited without permission. 


Copyright © 1959, by Scientific Research 
Publishing Co. Inc. 
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inventions that ean be made. 


Mumematical mode! 


The AD. Little researchers have at- 





k.E2B 
where E, and E, are the respective ef- 
forts, and ki and k; are the two con- 
stants of proportionality. 

The constants k; and k, are measures 
of the relative ease with which the two 
processes can be carried out. If k; and kp 
are equal, the two processes are equally 
easy. If ki = 10k:, it is 10 times as easy 
to find a fact as to apply it, and so on. 


Discovery vs. application 


From data the researchers were able 
to find, the mathematical model indicat- 
eda ratio of ki /kz in the neighborhood 
of 2. That is to say, it is twice as easy to 
discover a fact as to apply it. 

It cannot be assumed that this ratio 
is universal; it may vary from one field 
of research to another. Nevertheless, the 
data do suggest that the general lines of 
the theory may be correct. 

If this theory of the research process 
can be accepted, it now becomes possible 
to study the problem of the correct dis- 
tribution of effort between the two steps 
It is clear that both kinds of effort are 
necessary; the question is: how should 
a given total effort be divided? 

If too much effort is put into the first 
step, and too little into the second, the 
result will be the discovery of a large 
fraction of the key facts, but application 
of only a small fraction of those dis- 
covered. If too much effort is put into 
the second step, and too little into the 
first, only a small fraction of key facts 
will be found. While a large fraction of 
the discovered facts will be applied, the 
number of applications will be small 
because the number of discovered facts 
is small. 

The situation is shown in the chart. 
The three curves represent three levels 
for the total amount of research effort 
put into development of a field. Each 
curve shows how the total result of the 
effort (measured as the number of in- 
ventions) changes as the distribution of 
the effort between basic research (step 
1) and applied research and develop- 
ment (step 2) is varied. 

If the total effort is small, the best 
result is obtained when the two efforts 
are equal. As the total effort is increas- 
ed, the position of the maximum shifts. 
How this shift takes place depends on 
the ‘‘ease factors,”’ k; and k, The curves 
shown are drawn for a case in which k; 
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(continued on page 60) 
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LETTERS TO 


institutes vs 
business 


Sir 

Dr. Clark A. Dunn (Re 
search Business vs. Re 
search Institutes) has ig 
nored many basic prin 
ciples of taxation and ad 
ministration. Research in 
stitutes do not perform ap- 
plied research at lower 
costs because of tax 
exempt status, but they do 
have a much greater profit 
margin with which to in 
stall more expensive equip 
ment and expand facilities 
on tax-free dollars 

This is a tremendous 
competitive advantage 
which is fundamentally un 
fair and eventually could 
eliminate tax-paying com 
petition 

Applied research is a 
professional business serv 
ice and must be considered 
in the same light as law, 
medicine, or any other pro 
fessional service 

Dr. Dunn has presented 
a pleasant review of cer 
tain research activities but 
has developed nothing to 
justify the tax-exempt 
status of so-called non 
profit institutes 

Lewis E. Harris 

President 

Harris Laboratories Inc 


THE EDITOR 


Su 
The panel discussion be 
tween Dr. Roger Truesdail 
and Dr. C. A. Dunn ts a 
valuable contribution to 
understanding in this field 
| was particularly pleased 
to see the emphasis you 
give to the subject of fun 
damental research. This is 
a much more profitable 
field of enterprise than or 
dinarily is believed, both 
from the standpoint of the 
needs of our country and 
commercial profits 
Harold M. Dudley 
Executive Secretary 
American Council 
of Independent 


Laboratories Inc. 


Su 
I wish to say that you 
certainly have shed enough 
light on some of these in 
teresting subjects. We en 
joy eR very much and 
pass it around among our 
departmental people, and 
they have all had note 
worthy things to say about 
it 
R. O. Lane 
Vice-President, RGD 
Macklin Co. 


Sir 
Dr. Clark A. Dunn's 
laissez-faire attitude with 
respect to industrial re 
search at tax-free univers! 
ties is most shocking. He 
apparently wants no “ar 
bitrary regulations,” “con- 
trols.” or “short-sighted 
customs” like taxes and 
definitions to hamper the 
university research teams 
Tax-paying independent 
laboratories most certainly 
would agree with this posi 
tion if the university were 
performing its traditional 
role in scholarly research 
However, when the univer 
sities have diminished this 
role, and are serving pri 
vate industry privately, and 
are competing unfairly 
with their own product 
their graduated scientists 
and engineers then the 
independent laboratory, in 
all fairness to its own pro 
fessionals, must challenge 
the favored tax-free posi 
tron 
Perhaps even more, we 
would appreciate it if they 
would stop sneering at the 
tax-payers 
H. E. Gaffney 
issociate Director of 
Research 
U.S. Testing Co. Inc. 


Underwater 
Sir 
Your article Underwater 
Water Manipulators was 
of much interest to me, 
particularly the part con- 
cerning the moving of air 
through “ductless ducting.” 
We developed a “duct 

less duct” system in 1943 
which was used extensively 
in engine cooling of ar 
moured vehicles, particu 
larly the M4AI1 tank. The 
system was generally 
known as the “ductless 
duct” and tts success at the 
time indicated other pos 
sible uses such as you have 
suggested. This does not in 
any way detract from the 
work the Future Products 
people are doing as I think 
they are opening up a new 
field having tremendous 
possibilities 

Ww’. W. Kennedy 

Manager, 

Air Distribution 

Barber-Colman Co. 


Su 
| was very interested in 

the first copy I had seen 
of Industrial Research. | 
am particularly interested 
in the feature article en 
titled Underwater Water 
Manipulators. 

C. W’. Onan 

D. W’. Onan & 

Sons Inc. 


Su 
Truly, it would be heart 
warming to you if, along 
with us, you could witness 
the stimulating effect and 
enthusiastic responses trom 
those who have read the 
Underwater Water Manip- 
ulators article 
George E. Gross 
President 
Future Products 
Research Inc. 





The theme of our cover and special section this issue, space 
technology, is probably the fastest-moving, typically free-enter prise 
and democratic industry yet created. It puts a premium not on 
salesmanship, but on what it needs most—intellectual production, 
the research payoff. 

Unlike any other existing industry, space functions on hope and 


leh number four is a veritable transportation issue, primarily 
through space, but also on land, for the stay-at-homes. Insights 
into new ground transportation are provided by ‘“‘Another Auto- 


mobile Revolution, hinting that they're frequent) and “Can 


Research Save the Railroads?’ That question is answered only 
with difficulty in the “‘old"’ industries. The function of R&D in 
pace ws quite another matter. Space big business. 


Today communicators speak of the ‘space busine to listeners future possibilities, conquest of real-estate unseen, of near-vacuum 


who don't bat an eye. Ten, even three, years ago eye-batting was unexplored. At once it obliterates the economic reason for war, 


reaction dv jour the threat of overpopulation, or cultural stagnation; offers to replace 
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Land’s color 
rediscovery 


Sir 
Referring to Dr. Land's 
red and white full color in 
Blue-Sky Profits —color 
perception is explained as 
a neuro-physiological phe 
nomenon, but | wonder if 
this does not point up the 
analogy between photo 
sensors and the human 
eye. The scotopic vision 
(3,700 to 7.900 A) over 
laps the photopic vision 
(4,000 to 7,600 A) in mono 
chrome blue-green only 
Could tt not be that the 
pigment rodopsin on the 
rods (visual purple) and 
the todopsin on the cones 
could be a similar filter 
effect to produce the sen 
sation of full color with 
out having to resort to 
some complicated brain 
action? And that a simi 
lar mechanism (photo sen 
sor) exists in the retina 
I remember stories of peo 
ple seeing full-color images 
reflected from a television 
image by a red mirror 
W’. Edwards 
California, Md 


Electroluminescence 


Siu 

In this Summer 1959 
issue, there was an article 
entitled Tomorrow's Light 
is Here. We, at Sylvania, 
have pioneered not only in 
electroluminescent re 
search, but in actually mar 
keting panelescent devices 

O. H. Biggs 

Vice-President 

Research & Engineering 

Sylvania Lighting 

Products Dit 


Engineer shortage 


Si 

4 few points concerning 
the so-called shortage of 
engineers (Is There Really 
a Shortage of Engineers?) 
should be clarified before 
people are convinced that 
such a shortage exists 

In the first place. Mr 
Kubicek’s general defini 
tion of a shortage seems 
to be based on the fact 
that interviewers were not 
swamped by applicants 
The existence of a situa 
tion where there are good 
jobs for all qualified peo 
ple does not in itself spell 
shortage.” It does serve to 
prevent exploitation and 
salary “situations.” There 
was no unemployment of 
chemists during the de 
pression, it has been said 
but were they working as 
drug clerks or as chemists? 

I have not yet seen any 
indication that any essen 
tial engineering activity 
ever was curtailed for 
shortage of personnel 

The figures cited in Mr 
Kubicek’s article showing 
the increase in salaries of 
engineering levels as indi 
cative of shortage, when 
corrected for the overall 
increa.e in economic status 
of the American people, 
indicate only that chemists 
and engineers are as well 
off as they used to be 

Lastly, there are a great 
many advertisements seek 
ing engineering help over 
the country, but | wonder 
if the real purpose behind 
these ads ts not merely to 
portray a public relations 
picture 

R. B. Greene 

Coordinator, Plastics 

& Resins 


R&D, Allied Chemical 
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Send me Stimulus at the special pre-publication price 
of $4.95. Bill me with book later this year. 
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Opinions on 3rd 
issue 
Sir 
I am quite impressed 
with both the piesentation 
and the type of material 
which your publication 
contains. It is a pleasant 
break from the usual and 
monotonous parade of ad- 
vertisements for thé equip- 
ment vendors and suppliers, 
and so far has contained 
several articles which are 
not only interesting to read 
but informative in fields 
akin to technical industrial 
efforts. 
Frederick H. Roberts 
Vice-president, Research 
Union Carbide Plastics Co. 
Sir 
As a subscriber to In- 
dustrial Research, | want 
to commend you on the 
splendid type, character, 
and quality of technical 
and professional articles 
which have thus far ap- 
peared in your periodical. 
Karl R. Naumann 
Commercial Research 
Consultant 


Sir 
We hope you will con- 
tinue to publish your in- 
dustrial Research magazine 
with the same care you 
have shown in your first 
issues. Its contents are very 
stimulating as demonstrat- 
ed by the readers’ letters 
to your office. The subjects 
covered are of great im- 
portance to industrial and 
research men and gener- 
ally cover the fields in 
question very thoroughly. 
Henri Marc 
Vice-Chairman 
American Pad & 
Textile Co. 

Sir: 

Your publication is cer- 
tainly a fine effort and I 
am sure it will be most 
interesting and stir up in- 
terest. 

Herbert Hoover 
Former President 


Sir: 

Your publication fills a 
need in the field of R&D 
management, which has 
been badly neglected. Re- 
search on industrial re- 
search has been my hobby 
for the past 20 years. 

George Perazich 
Director of Research 
Galaxy Inc. 


Sir: 

When I first heard of 
your IeR, I was frankly 
skeptical that it could offer 
anything that was not al- 
ready covered by one or 
more of the existing publi- 
cations. 

The very first issue of 
I*R served to prove how 
wrong I was. I don't quite 
know how you do it or 
where you get your ma- 
terial but you do manage 
to get out a _ publication 
that offers entirely new 
slants on a wide variety of 
interesting subjects and re- 
search developments. 

Edward S. Schultz 
Research Consultant 


Sir 

In our field, it is impera- 
tive that we be aware of 
scientific research and de- 
velopment. We have found 
Industrial Research an ex- 
cellent source. Accurate 
and informative, the arti- 
cles are also quite readable 

O. §. Granducci 

President 

Oeveste Granducci Inc. 


Sir: 

This is a most interest- 
ing magazine and I must 
say that every article in 
the Summer 1959 issue is 
intensely interesting to us 
and will give us a great 
background of fundamen- 
tal information. In _ fact 
we are so interested in the 
articles that we would like 
to have two more copies. 

Martin Sweets 

President 

The Martin Sweets Co. 





I*R number four is both the last of the quarterly issues and the 
first of the bimonthlies. Industrial Research now will come to you 
every other month during 1960: January, March, May, July, 
September, and November. Subscription rates go up, but only 


proportionately. (See page 104.) 


Credit line for the ‘Tomorrow's Spacecraft’ illustration in the 
last issue got lost in the ‘‘gutter’’ of the magazine. The futuristic 
illustration was the work of Robert L. Thompson, art director at 
Consolidated Electrodynamics Corp., Pasadena, Calif. 


All of the special sections printed so far in Industrial Research 
plus a new one on “Energy and Civilization’ will be reprinted on 
heavy paper and published in hard-cover book form. The book, 
called Stimulus, will be available for Christmas gifts—ideal for 
the technical man or science student. Stimulus will cost $6.75 in 
bookstores, but can be ordered from the publisher for $4.95. 





Sir: 

I consider your last 
issue cne of the most inter- 
esting magazines pertain- 
ing to our new electronics 
age. It’s outstanding. 

Joseph H. Jacobs 

The Jacobs Wind 

Electric Co. Inc. 
Sir: 

I know magazines that 
are worse than yours. 
Yours, at least, comes 
close to the 84% x II size. 
That's fine, keep it that 
way. Every week I am get- 
ting some weird sizes that 
fit no shelf, no briefcase, 
no envelope, nothing. Only 
use:. wastebasket, unread. 

Max F. Wulfinghoff 
Professional Engineer 


Sir: 

The Summer issue has 
proved popular with my 
friends in the scientific 
community of Washington. 
In fact, so popular that my 
copy has disappeared. 

Charles P. Beazley 
Applied Science Labo- 


ratories Inc. 


Sir: 

Congratulations on 
bringing into fruition a 
publication which was 
badly needed in the field. 

David L. Keith 

Vice-President 

H. M. Byllesby and Co. 


Inc. 


Sir: 

I have been very much 
impressed with the initial 
issues Of Industrial Re- 
search and am glad to 
hear it will be published 
bimonthly beginning in 
November. 

The freshness of this 
publication is, in my opin- 
ion, in the same category 
as Industrial Design maga- 
zine and should set new 
trends and standards in the 
publishing industry. 

W. A. Romain 
President 
Sherman Products Inc. 


Sir 
I+R is one of those rare 
publications in which the 
table of contents is for 
convenience only; all sub- 
jects being inter-related, it 
is read cover to cover. The 
format, art work, and illus- 
trations are excellent. 
Royal C. Gould 
Meteorologist, 
U.S. Navy 

Sir: 

Please accept my con- 
gratulations on the fine 
job you are doing with 
Industrial Research maga- 
zine. Both the content and 
format of your material 
are excellent. 

Allan Lytet 

Manager, Defense 

Marketing Publications 

Avco Corp. 





HERE’S A 
CHEMIST 
YOU SHOULD 
KNOW 


Nearly every line of business and industry 
has frequent or occasional need for some of 
the following types of service. When you do, 
it is well to be acquainted with a reliable 
firm of consulting chemists and professional 
engineers. Foster D. Snell, Inc. has served 
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PART TWO, CONCLUSION 


by Harry B. Goodwin, metallurgy consultant, Battelle Memorial Institute 


A»: FROM ITS APPLICATION In 


electron tubes, molybdenum also is 
used as electrodes in the electrical 
resistance heating of molten glass, 
as wire for high-temperature fur- 
nace windings (in protective at 
mospheres or vacuum), for radia- 
tion shields (in sheet form) and 
other parts in high-temperature 
furnaces, and for piercer points for 
piercing steel billets 

It is being tried experimentally 
for gas-turbine buckets and noz 
zles, ramjet and rocket parts such 
is nozzles, leading edges, vanes and 
flame gutters, dies for die casting 
of brass, heat 


pumps for 


exchangers and 


liquid metals, ultra- 
high-speed aircraft skins, and many 
other uses. Molybdenum is avail- 


able in sheet, rod, bar, wire, forg- 


ings, and extrusions, and it can be 
spun, welded, and machined by 
proper techniques. 

Because of its grain-boundary 
weakness, arc-cast-molybdenum in 
gots tend to break up when at- 
tempts are made to forge or roll 
them in the conventional way. How- 
ever, they can be extruded success- 
fully into billets of circular cross 
section. The extrusion process 
modifies the grain structure suffi- 
ciently so that the billets subse- 
quently can be rolled and forged 
like other metals. The grain struc- 
ture of pressed and sintered mo- 
lybdenum is such that this type can 
be rolled or forged without prior 
extrusion. 

In working molybdenum, either 
by forging, rolling, or otherwise, 


the aim is usually to produce a 
“fibered” structure in which the 
metallic grains are elongated into 
needlelike shapes. (All solid metals 
are composed of myraids of tiny 
grains stuck together like the 
grains in a lump of sugar.) The 
metal is both stronger and less 
brittle in its fibered condition. 
Molybdenum has been used pri- 
marily in unalloyed form. Only one 
alloy containing 0.5% titanium has 
reached commercial production. 
This alloy is not heat treatable. 
The molybdenum-0.5% titanium 
alloy is stronger than unalloyed mo- 
lvbdenum. But even more impor- 
tant, for the same degree of cold 
work, its recrystallization tempera- 
ture temperature at which the 
fibered structure disappears when 





the metal is heated—is several 
hundred degrees higher. (The re- 
crystallization temperature is affec- 
ted by the amount of prior cold 
work the metal has received.) Thus, 
the allowable service temperature 
for this alloy is that much higher. 

In other words, the alloy can be 
ised at a higher temperature with- 
out losing the stronger fibered 
Molybdenum and _ the 
molybdenum-0.5% titanium alloy 
usually are placed in service with 
only a simple stress-relief anneal 
after working. 

In addition to the development 
of the now commercial molybde- 
num-0.5% titanium alloy, experi- 
mental work has been done on al- 
loying practically every element in 
the periodic table with molybde- 


structure. 


num. Experimental alloys contain- 
ing small amounts of zirconium 
and alloys of molybdenum and 
tungsten appear promising for 
some applications. 

In addition, current research 
shows promise on the dispersion 
hardening of molybdenum by the 
addition of small amounts of me- 
tallic oxides to pressed and sintered 
molybdenum. The oxides of titan- 
ium (TiO,) and zirconium (ZrOQ,) 
have effected outstanding improve- 
ment in the 1800 F creep strength 
of molybdenum. 


Moly can be weided 


Molybdenum is readily resistance 
welded or arc welded, provided ex- 
treme care is taken to avoid con- 
tamination from the air, but the 
welds tend to have limited ductility. 
Best results have been obtained by 
welding in a vacuum chamber. Or- 
dinary shielding methods are un- 
satisfactory and, even in sealed 
chambers filled with inert gases 
such as helium or argon, it is diffi- 
cult to get gases pure enough to 
avoid contamination with oxygen 
and consequent embrittlement. 

Because welding produces a cast 
structure, welds, although sound, 
are usually not very ductile (except 
in ultra-high-purity molybdenum) 
for the same reason arc-cast ingots 
are brittle, even when no contami- 
nation occurs during welding. 

Molybdenum is one of the more 
difficult-to-machine metals but it 
can be machined successfully by all 
the usual machining processes if 
proper techniques are used and 
care is taken. Tools must be very 
rigid. 

It will be recalled that molybde- 
num is the least oxidation resistant 
of the refractory metals. In air, it 
oxidizes at a rate 10 to 20 times 
that of the common steels. Con- 
siderable work has been done, with- 
out success, in an attempt to de- 
velop oxidation resistance in mo- 
lybdenum by alloying. It now ap- 
pears unlikely that an oxidation-re- 
sistant alloy can be developed which 
will have the desired mechanical 
properties, so some sort of protec- 
tive coating is necessary. 

A great deal of work has been 
done on developing coatings to pro- 
tect molybdenum from high-tem- 
perature oxidation. Some of the 


types of coatings that have been 
tried are molybdenum disilicide 
coatings, single and multilayer 
electroplated metallic coatings, sin- 
gle and multilayer-sprayed metal 
coatings, chromized coatings, ce- 
ramic coatings, metal-reinforced 
ceramic coatings, and roll-clad coat- 
ings. 

Molybdenum disilicide coatings 
are applied either by forming the 
silicide in place (silicanizing) or 
painting with a slurry of MoSi, 
and sintering. They give protec- 
tion to rather high temperatures 
(2000 to 2500 hours at 2000 F and 
up to 300 hours at 3000 F). But, so 
far, they can only be used on light- 
ly stressed parts not subject to me- 
chanical shock or abrasion. 

Roll cladding with nickel or 
nickel-base alloys appears to offer 
the most promise for a ductile coat- 
ing, but unfortunately the top tem- 
perature limit for such coatings is 
fairly low, not much over 2000 F. 
Sprayed metal coatings of two gen- 
eral types —one based on alumi- 
num-chromium-silicon combinations 
and one based on nickel-boron com- 
binations — have shown some 
promise, but have only fair me- 
chanical-shock and abrasion resist- 
ance 

As yet, no completely satisfactory 
coating has been announced and 
there probably will be no one all- 
purpose coating. The use of molyb- 
denum in many applications is 
being held up for lack of a satis- 
factory coating. 


Tantalum is the third highest 
melting metal and is one of the 
denser metals, being slightly less 
dense than tungsten. It is the most 
ductile of the refractory metals, 
with the best resistance to acid cor- 
rosion of any metal. Thus, it has 
been used chiefly in the chemical- 
equipment field. It also has applica- 
tion in electron tubes and, surgi- 
cally, in the human body. 

Tantalum occurs primarily as a 
complex oxide with columbium, 
iron, and manganese. It practically 
always is found together with co- 
lumbium. The oxide concentrates 
are proceessed to potassium fluo- 
tantalate (K,TaF;), and the metal 
is obtained from this compound 
either by fused-salt electrolysis or 
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sodium reduction. The metal is con- 
solidated into bars by pressing fol- 
lowed by vacuum sintering. 
Tantalum is used in unalloyed 
However, 


form some alloys are 


being developed thzt will have 
greater high-temperature oxidation 
resistance than unalloyed tantalum. 
Possibly some combination of alloy 
ing and coating will be the ultimate 
solution to the oxidation problem 
worked cold. To fa 
cilitate further working it usually 


Tantalum is 


is annealed in vacuum after a 70 to 
80% reduction in area, although it 
is possible to work it considerably 
more than this without cracking 
the metal. It is readily machinable 


and can be welded by resistance 
welding, with special precautions 
to prevent oxidation, or by inert- 
gas shielded-arc welding 
Development of tantalum-base 
high-temperature alloys has been 
held back 


carcity and high price 


because of tantalum’s 


Coltumbium is not scarce 


Columbium which only a few 


years ago wa thought to be more 


carce than tungsten, tantalum, 
and molybdenum now is believed 
to be the most plentiful of the four 
in the earth's crust, although it as 
et is not nearly so available as 
tungsten or molybdenum 

It ha 


ing point than the 


a considerably lower melt 
other four 
metals mentioned, but its melting 


point is still some 1500 F above 
that of iron. It is the least dense 
of the four metals, having a den- 
sity only slightly higher than that 
of steel. It is quite ductile, though 
not so ductile as tantalum. 

In the past, columbium has been 
used as a minor alloying constitu- 
ent, primarily in stainless steels, 
for carbon stabilization, and in 
high-temperature alloys. Although 
very corrosion-resistant, colum- 
bium has not found much use on 
this basis because tantalum is even 
better for most applications 

Currently, there is a great deal 
of interest in columbium for high 
temperature nuclear reactor opera- 
tion. An airborne reactor, for ex- 
ample, has to operate at a high 
temperature if it is not to be too 
large and too heavy. 

Columbium has low density, ex- 
strength at high tempera- 
tures, and a low “thermal neutron 


cellent 


capture cross section” compared to 
This 


“cross section” is a measure of the 


other refractory metals. 


metal’s tendency to “soak up” neu- 
trons when placed in a nuclear re- 
actor, thus tending to stop the nu- 
clear reaction. 

Columbium practically always oc- 
curs in nature with tantalum. It is 
separated by chemical treatment as 
columbium oxide, which is reduced 
to metal with carbon in vacuum. 
The powder is consolidated into 
solid metal by pressing and vacuum 


ZONE MELTER purifies refractory, reactive metals. 
Electron bombardment heats the metal (right), and a molten zone 
pushes impurities ahead as it passes along the specimen. 


yn the earth’ 


sintering in exactly the same way 
as is tantalum. 

Although there have been almost 
no uses for the pure metal, enough 
experimental research has _ been 
done to learn a good deal about it. 
Columbium, like tantalum, always 
is worked cold. 
chining, and welding characteris- 


Fabrication, ma- 


tics are similar to those of tanta- 
lum, and procedures are similar. 
Research has shown that con- 
siderable improvement in the oxi- 
dation resistance of columbium can 
be effected by alloying. 
Unfortunately the alloying addi- 
tions which promote oxidation re- 
sistance in columbium tend to de-. 
crease ductility and fabricability. 
The problem is to achieve oxidation 
resistance without sacrificing these 


mechanical properties too much. 
Binary additions of zirconium, ti- 
vanadium, 


chromium, tungsten, and possibly 


tanium, molybdenum, 
hafnium can improve the oxidation 
resistance significantly but not 
enough for most intended applica- 
tions. 

Additional alloying has produced 
further improvements in oxidation 
resistance. Alloys containing zir- 
conium-titanium, titanium-alumi- 
num, chromium-cobalt, iron-alumi- 
num, and chromium-aluminum have 
shown up to a 2,000-fold improve- 
ment over unalloyed columbium in 
oxidation resistance at 1000 C. 

The best of these alloys oxidize 
at rates slower than that of Ni- 
chrome (80% nickel and 20° 
mium), which is considered to have 
adequate oxidation 


chro- 


resistance in 
the temperature range of interest. 
Unfortunately, the most oxidation- 
resistant compositions have not 
been fabricable. Ohio State Uni- 
versity recently announced devel- 
opment, under ONR sponsorship, of 
a columbium 45 zirconium 

5 titanium alloy which is said to 
be both oxidation resistant and 
fabricable. 

A combination of alloying and 
coating may be the best solution to 
the oxidation problem, with alloy- 
ing serving to prevent defects in 
the coating from becoming cata- 





strophic failures. In other words, 
because of the alloy content, a part 
will not fail very quickly after a 
coating defect opens up. 

In general, it appears that solv- 
ing the oxidation problem will be 
much easier with columbium and 
tantalum than with tungsten and 
molybdenum. 


Spark-resistant rhenium 


Rhenium has the second highest 
melting point of any metal and is 
one of the more dense metals. With 
maximum effort, an estimated five 
to 10 tons of rhenium could be 
produced annually from known 
sources. It is concentrated particu- 
larly as a byproduct of molybdenite 
obtained from certain copper ores. 

The metal has three properties 
which make it of interest for spe- 





cial uses. First is its excellent re- 
sistance to electric sparking and 
arcing. It is superior to tungsten in 
this respect, and thus is of interest 


for electrical contacts in applica- with CH ROMALLIZING 
tions where longer life warrants a 

high price. Oxidation and thermal shock resistance of metals used in jet engines and 
similar superheat applications are greatly improved with CHROMALLIZ- 
ING. The patented and proven process of diffusing chromium with other 
elements into the surface provides an alloy case which is integral with the 
base metal. It can’t peel or flake; the chromium and other elements diffuse 
uniformly into recesses, pores, cracks and even blind holes. 


Another property of rhenium is 
its superior resistance to the 
“water cycle” attack which plagues 
the use of tungsten as a filament in 
electronic tubes. This is the trans- 
fer of metal from the filament to 
the cool walls of the tube through Usual ott ; Temperature of 
a complex reaction involving traces ted Temperature art BD Alloy 





of water vapor left in the evacu- Iron Base 1500° F SA CHAGMARLIZED 390 end 381 ceaietons steele thew 
ated tube. The same thing is seen (incluc'ng no failure after 18 hours at 1950° F in an atmos- 

, stainless phere containing lead bromide and lead sulfide, 
in the gradual blackening of tungs- steels) 


ten-filament light bulbs. 





Nickel Base F U CHROMALLIZED nickel base alloys are unatiacked 
after 200 hours ot 2000° F. 


The third unusual property of 





rhenium is its ability to overcome ihe tele P SAC CHROMALLIZED dentin 
the grain-boundary weakness of attacked after 150 hours at 2200° F. 


molybdenum and tungsten when 





a : Molybdenum 5 W-2 CHROMALLIZED 
alloyed with these metals. An alloy ofter ~~ hours at 








of about 50% (by weight) rhen- 
ium with molybdenum is phenomen- 
ally ductile. Unfortunately, the IOCHROME, a recent Chromalloy development, is a super pure chromium 
limited supply of rhenium does not metal that can be used as a basis for chromium alloys for use at 2500 F. 
Until now, such alloys were not practical because of their lack of room 


now permit considering this alloy ‘ 
temperature ductility 


for larger-scale use. 
Rhenium also may find use in Ordinary steel can also be chromallized to provide resistance 

rhenium-molybdenum and tungsten- to corrosion, oxidation and wear. 

rhenium/tungsten alloy thermo- 

couples. The former are said to be 


good up to 3200 F while the latter be: i] 4 
hag i) rOmM€GIIOY corporation 


may be good to 4000 F. Neither 
combination can be used in oxidiz- 450 Tarrytown Road * White Plains, New York 
: : . WHite Plains 6-0020 
ing atmospheres without protection. 
Unalloved rhenium is worked CHROMIZING CORPORATION, LOS ANGELES, CALIFORNIA 
. PROPELLEX CHEMICAL DIVISION, EDWARDSVILLE, ILLINOIS 


Propellants, cartridge actuated devices, explosives and special chemicals. 
required, since it work-hardens ELYRIA FOUNDRY DIVISION, ELYRIA, OHIO. Quality gray iron castings. 


more rapidly than almost any other For additional information, circle No. 5 on the Readers’ Service Card. 


cold with frequent anneals being 
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metal. Strength levels of over 500,- 
000 psi can be obtained by cold 
working. 


Chromium: usually brittie 


Chromium is well down the list 
of the metals arranged in order of 
the melting points. But it is the 
highest melting metal that’s both 
reasonably plentiful and has really 
good oxidation resistance. Unfortu- 
nately, chromium metal is ordinar- 
ily completely brittle at room tem- 
perature inless extremely pure), 
and completely impossible to work 
without cracking up at any tem- 
perature. It is this characteristic 
that so far has prevented use of 
metallic chromium and chromium- 
base alloy $ 

Chromium of commercial purity 

made electrolytically from aque- 
ous solution and by an alumino- 


thermic reduction process. “Duc- 


+ 


ile’ chromium is made from extra- 
high-purity 


? 


electrolytic chromium 
prepared by a special process. This 
is repurified either by the iodide 
process (thermal decomposition of 
chromous iodide prepared by iodi- 
nation of electrolytic chromium) or 
by high-temperature treatment 
with high-purity hydrogen. 

The resulting product is are cast 
inder conditions carefully con- 
contamination. 
Work also has been done on prep- 


trolled to avoid 
aration of high-purity chromium- 
base alloys by powder-metallurgy 
methods 

Experimental chromium-base al- 
loys fabricated into test bars by 
careful “babying” have exhibited 


high-temperature strengths super- 
ior to those of the present nickel 


and cobalt-base superalloys. The 
hope is that they may be useful at 
temperatures a few hundred de- 
grees over the temperature ceiling 
for present nickel and cobalt-base 
which 
p to 2000 F. 


alloys would be perhaps 

Possible applications for chrom- 
ium-base turbine 
blades for jet engines and in nu- 


alloys are in 
clear reactors. Chromium-base al- 
loys almost certainly will be oxida- 
tion resistant, and no protective 
coatings will be required. However, 
it is expected that their practical 
temperature limit will be far below 
the limits for the other metals dis- 
cussed here. 


As a consequence of chromium’s 


MAGNESIA CRUCIBLES 

(above) withstand long-term 
temperatures to 4350 F. 

A tantalum capacitor 

testing device (below) 

is used at Union Carbide 

in high-temperature research. 


brittleness, it is now used only for 
plating and as a constituent in al- 
loys based on other metals. Most 
of the research on chromium and 
its alloys has been directed along 
one of two lines: 

s Discovering the cause of and 
overcoming the poor ductility of 
chromium itself. 

s Achieving acceptable ductility 
while still retaining high strength 
at elevated temperature through 1 
loying. 

Evidence now available indicates 
that chromium itself, if pure 
enough, is inherently ductile. How- 
ever, it is so exceedingly sensitive 
to embrittlement by very minute 
traces of impurities that some 
metallurgists doubt whether ductile 
chromium-base alloys are practical. 
Nitrogen, sulfur, nickel, 
and aluminum seem to embrittle 
chromium markedly. Surprisingly 


carbon, 


enough, oxygen — which is so dam- 
aging to the ductility of molyb- 
denum — does not appear to affect 
the ductility of chromium very 
much. 

The alloying approach has been 
unsuccessful in producing ductile 
chromium-base alloys when com- 
mercial-purity chromium is used as 
the base metal. But there is hope 
that better alloys can be made with 
ultra-high-purity chromium and 
with the other constituents also of 
high purity so as to keep out em- 
brittling elements. 

Australian researchers have pre- 
pared alloys of high-purity chrom- 
ium with small amounts of tung- 
sten (1 and 5%) and titanium (1%) 
which could be worked and which 
were ductile in strip form after 
electropolishing. Chromium-base 
alloys have not yet found service 
applications, but trials are under- 
way for a number of possible uses. 
Brittleness and difficulty of fabri- 
cation remain the biggest stum- 
bling blocks. 


The piatinum group — 
possibilities as coatings 


The platinum-group metals have 
been used for years in laboratory 
apparatus, in the “bushings” 
(plates with tiny orifices through 
which molten glass flows to form 
glass fibers) of the glass-fiber in- 
dustry, electrical contacts, catalysts, 
thermocouples, dentistry, jewelry, 
pen nibs, phonograph needles, and 
a few other special uses. A little 
over 60% of the combined con- 
sumption of all these metals is of 
platinum itself. About 30% is pal- 
ladium. 

Their high melting points and 
excellent oxidation resistance na- 
turally suggest these metals for 
high-temperature alloys. Because 
of their scarcity, however, these 
metals can be used only for very 
special aplications. Their potential 
for high-temperature alloys is be- 
ing explored at Battelle. 

One possible application sug- 
gested for platinum and rhodium 
especially is as a coating to protect 
molybdenum from oxidation. Plati- 
num cladding is very effective, but 
so expensive that attempts have 
been made to use platinum plating 
instead, which is not so effective. 
Rhodium appears to be the most 
oxidation resistant of the platinum- 
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group metals and also has excellent 
high-temperature strength. A haz- 
ard encountered in working with 
osmium is that its oxide is ex- 
tremely toxic. 


What happened to cermets? 


A great deal of research has 
gone into attempts to develop some 
ductility or at least toughness in 
nonmetallic materials, but with 
only limited success. The word “‘ce- 
ramics,” as used here, covers not 
only oxides but carbides, nitrides, 
borides, intermetallic compounds, 
etc., as well. 

Two general approaches have 
been taken: combining metals and 
ceramics, and attempting to de- 
velop ductility in pure ceramic ma- 
terials. 

The thought behind metal-ceramic 
combinations is to combine the duc- 
tility of metal and the oxidation re- 
sistance and refractoriness of ce- 
ramics. Much hope once was held 
for the so-called cermets, which 
may be thought of as ceramic par- 
ticles held together with a thin 
layer of metallic “cement.” 

Six or eight years ago, cermets 
were seen as the best hope for a 
2000 F turbine blade, for example. 
But in spite of a _ tremendous 
amount of research, neither ductil- 
ity nor toughness have been intro- 
duced into cermets. 

The best so far developed have 
impact strengths on the order of 
one-tenth that of present turbine- 
blade alloys. However, they do have 
excellent thermal-shock and oxida- 
tion resistance. 

The chrome-alumina and nickel 
or cobalt-bonded titanium carbide 
type of cermets seem best because 
of the excellent bond developed be- 
tween the metal and ceramic in 
these systems. Such a bond appears 
essential for a good cermet. Their 
fracture strengths are of the same 
order as those of the better all- 
ceramic materials. 

While research has produced, as 
a byproduct, specialized materials 
for wear resistance, high modulus 
of elasticity, hardness, or improved 
thermal and electrical conductiv- 
ity, it is significant that none of 
today’s cermets have any structural 
application. 

An interesting process for mak- 
ing metal-ceramic composites has 
been announced by Denver Re- 


search Institute. To obtain a dis- 
persal of fine ceramic particles in 
copper, for example, boron is dis- 
solved in one ladle of molten cop- 
per and thorium in a second ladle 
of copper. When the two molten so- 
lutions are mixed, a fine insoluble 
precipitate of thorium boride is 
formed, and the metal is frozen 
quickly before this can settle out. 
The same principle can be applied 
to other metal-ceramic systems. 
Tremendously increased high-tem- 
perature strength is claimed. 

While composite materials so far 
have proven disappointing, there 
has been encouragement in work 
done on composite structures. A 
composite structure, in the sense 
used here, may take such forms as 
ceramic (or cermet) bodies with 
wire-mesh reinforcing imbedded in 
them, ceramic-coated metals, metal- 
ceramic laminates, and bodies made 
of metal wires or fibers stiffened 
and protected from oxidation by 
ceramic materials. 

One promising application is the 
protection of metal ram-jet tail 
pipes by a metal-mesh-reinforced 
ceramic coating with the metal 
mesh welded to the tail pipe at in- 
tervals. 

In a composite structure, one 
places the ductile component where 
ductility is required and the brittle 
component where it is not required. 
The metal may be placed in those 
parts of the structure under ten- 
sion and the ceramic in those parts 
that are lightly stressed or subject 
to compressive stresses. The princi- 
ple used in prestressed concrete 
also may be applied to these combi- 
nations. 

Studies of possible ductility of 
pure ceramics have demonstrated 
some ductility in single crystals of 
certain high-purity oxides and 
other compounds. 

There is considerable optimism 
among some ceramics people that 
true ceramics with greatly im- 
proved toughness and perhaps even 
a little ductility can be developed 
eventually. In the last few years, 
some great advances in ceramics 
have been made simply by improv- 
ing the starting powders. 

For some time to come, however, 
where toughness is a requirement, 
the metals discussed in this article 
will remain the world’s hottest ma- 
terials. 2 
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H* the world is half aslee p! Men who could be making twice their present 
salaries are coasting along, hoping for promotions but « 


omg nothing to 


bring themselves forcefully to the attention of management 


They're wasting the most fruitful years of their business lives rowing away 
thousands of dollars they may never be able to make up. And, oddly enough, 
they don’t realize—even remotely—the tragic consequences of their failure to 


forge ahead while time is still on their side. 


These are the men who are unknowingly headed for the frustrations and the 
disappointments of mediocrity. They'll go part way up the ladder and down again 
by the time they're fifty years old. They'll be executive material in their twenties 
and thirties—and clerks in their fifties. They'll have high hopes for themselves 


and their families while they're young; but only struggling, skimping and regret 


ad 


later on when their earning power should be at its height. 
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ously want to get down to bed-rock in their thinking about their business future. 
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plimentary copy will be mailed to you promptly. 
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“Ai, ELEMENT has gravity or levity within its own element. 

“Every heavy body desires to lose its heaviness.” 

With these words Leonardo da Vinci expressed something 
of his intense desire to fly, to lift, to free himself from the 
surface of the earth by whatever force was necessary. In 
preparation for flight he studied winds, birds, bats, and 
theorized about the interrelation of forces, energies, weight, 
and gravity, speaking of a spiritual force. 

When da Vinci tried to build a workable flying machine 
he failed, so the theory of scientific heritage goes, because 
the technical resources of his 15th and 16th century world 
still were too paltry to sustain his complex work. When he 
tried the wheeled vehicle, as in his scythed car and armoured 
car, he had more luck. Now, four centuries later, our scien- 
tific heritage plainly does enable us to put vehicles into the 
air. And we may be about ready to get rid of the wheel. 

Not that engineers are ready to roll the wheel into oblivion 
immediately. But intensive work on hovering, skimming, and 
levitation vehicles by such organizations as Piasecki Aircraft 
Corp., Ford Motor Co., Chrysler Corp., Saunders-Roe Ltd., 
and Curtiss-Wright Co. indicates a trend away from tying 
down land-vehicles exclusively to this basic invention and 
chronological cousin of the bow & arrow and fire-stick. 


The significance of the air cars actually is that they are 
symptomatic of a whole range of research advances in what 
has been called variously the third or fourth automotive revo- 
lution (preceded by other revolutions led by the Model T; the 
establishing of nation-wide marketing techniques for cars; and Gen- 
eral Motors’ institution of the annual model change, planned obso- 
lescence ). 

The new revolution consists of complete structural and de- 
sign changes, not merely face-lifts, re-sculpted bodies, or 
bored-out engines. We have the metals, instrumentation, the 
plastics, and perhaps even the propelling force to build new 
kinds of automobiles. These vehicles will be completely new 
from the ground up. 

Ride should be smoother, more stable for multiple reasons. 
Tires are being developed to run more quietly, stop faster, 
and keep rolling even with fist-sized chunks torn out of them. 

While reports vary on the durability of new tires made with 
treads of softer (than standard tread rubber) butyl, it is true 
that they do not squeal as much as regular tires on turns and 
fast stops. Butyl absorbs considerably more energy when 
flexing than natural or other synthetic rubber. Both U.S. 
Rubber and Firestone Tire & Rubber Co. (compound X-99) 
are producing them, and Firestone has claimed 15% less wear 
for one of its tires; another claim by a butyl! tire maker says 
durability is 11% better. Treads made of styrene butadiene 
are said to increase tread life on new Chevrolet tires 10 to 
20%. Yet an additional report states that factory testers at 
one plant producing these tires recorded wear at three to 
four times standard-tire rate. Price probably will be about 
20% higher than for standard tires. 

In another tire development, Dayton Rubber Co. and Ameri- 
can Latex Co. are testing a tire filled not with air but with 
controlled-density urethane. The big advantage of these tires 
is that they keep rolling normally even if torn by gaping holes. 
At this stage of the research program, riding quality seems 


Another 


Automobile 


Revolution 


by K. M. Wylie Jr. 
I-R Contributing Editor 
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Automotive research in levitation soon may enable us to roll the 


good, according to the developers, and 
cornering at speed. they believe, should 
involve low lateral distortion and good 
stability. Firestone now is testing tires 
made with Dacron polyester fiber 


Not only are higher, more nearly 
chair-height, seats apparently coming 
back, but more comfortable seating 
materials are under development. One 
seat construction method consists of 
molding coil springs directly into poly- 
urethane foam instead of spreading a 
layer of some kind of spongy material 


over the springs after they're mounted 


For suspension, both coil springs 
and swing rear axles are going to be 
appearing On more cars in the near 
future. Cars with engines and/or 
transmissions aft commonly will have 
an A-frame swing-axle suspension 
configuration. As for the new coils, 
they will be variable-rate coil springs. 
giving designers almost any variable- 
rate, load-deflection curve they need 
Such suspension possibly would re 
place present types of both air-bags 


and leaf springs 


An interesting development in brake 
research reported by Chrysler Corp 
is a new power brake actuated by 
compressed air instead of manifold 
vacuum. Big advantage of this design 
is supposed to be a smoothly advanc- 
ing brake force curve, not developed 
by vacuum models. 


The greasetess car 


In recent years automobile grease 
fittings have been reduced from an 
average of 25 to 30 for each car to 10, 
but the no-greasing target remains 
Extensive testing by American auto 
manufacturers is underway on bear- 
ings lined with TFE-fluoro- 
carbon fabric 


Teflon 


Already, tests on a fleet of Balti- 
more taxis indicate a total savings of 
about $40 to $50 on greasing during 
the life of a family car (figured at 
$1.75 per lube job). In Germany, 
Daimler-Benz AG now is_ building 
cars with non-lubricated chassis and 
steering-linkage joints, and the new 
Triumph Herald, built in Britain, is 
the first production auto that com- 
pletely cuts out chassis lubrication 

Power systems for the coming cars 
range over a broad spectrum of effi- 
complexity, and probable 
nearness to actual production. In a 


ciency, 


sense, the most complex engines are 
the ones nearest to us now 

One of the most immediate devel- 
opments is the 170-cubic-inch, over- 
head-valve six cylinder engine de- 
veloped by Chrysler for its Plymouth, 
Dodge, Dart, and new smaller-sized 
Valiant. So that it will fit under the 
low hood, the engine is canted 30 de- 
grees to the right; the transmission 
in manual models is tilted 30 degrees 
to the left. This also results in a lower 


GM ROADSIDE TRANSMITTER automatically broadcasts 

vocal messages to standard radio receivers in passing cars. 
Information and directions are taped magnetically, 

give motorists warnings their eyes might miss. 
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drive shaft hump. The block is cast 
iron; intake manifolds, pump cases, 
and distributor housing are partly 
aluminum. 

Lying down still further is the new 
Chevrolet Corvair engine, a six-cylin- 
der, aluminum pancake model with 
cast-iron cylinder sleeves. It is cooled 
thermostatically (only when rising en- 
gine heat triggers it) by a horizontal 
blower and which 
blasts air over the finned cylinder 
barrels. 


ducting system 


Willys Motor Co. also is introduc- 
1960, but this 
all-aluminum model will be strictly 


ing a flat engine for 


for military use. It will have four cyl- 
inders, displace 164 cu. in., and de- 
velop 100 horsepower. 

While current applications of such 
domestic opposed-cylinder models are 
new to the U.S., the engine as a 
genre is not. American busses have 
used pancakes for quite a few years 
Willys already has another opposed 
engine, a 17-horsepower four, on the 
road, or more properly. the field. 
since it is the air-cooled aluminum 
model which pushes the armed forces’ 
Vechanical Mule. Following World 
War Il, Nash Motors built both four- 
and six-cylinder experimental flat en- 
gines. 


Mass cast aluminum 


One development which may spur 
the larger-scale production of alumi- 
num engines is a new method, pat- 
ented by National Lead Co., for mass- 
producing die-cast aluminum V-8 
blocks at less than present-day costs 
for sand-casting iron. By comparison, 
a standard-sized V-8 aluminum block 
weighs 55 Ibs., an iron block, 200 Ibs 
One main question raised about this 
die-casting method is whether it actu- 
ally does produce engines more cheap- 
ly. Some automotive researchers be- 
lieve that for design changes both 
costs and production time would be 
higher than with permanent molding 
methods. 

New versions of existing internal 
combustion engine types continue both 
to prove themselves in operation and 
to move from the test stand to chassis 

About two years ago Perkins diesel 
engines were installed in Plymouth 
cars in Europe for sale there. Now 





wheel into oblivion. 


taxi operators are using them through- 
out this country, apparently with good 
results. 

For a number of years, V-6 engines 
have been proposed for use as auto- 
mobile power and some are running 
in Europe. Now General Motors has 
built such an engine for trucks. Main 
advantages are simplicity it has 
fewer parts than a comparable V-8 — 
and compactness — it is shorter than 
a V-8 counterpart and has a cylinder- 
bank angle of 60 degrees, not 90. 
Then to give truck designers and 
users extreme flexibility in mating this 
new engine to various chassis types 
and sizes, this basic V-6 has been 
planned to include pistons, connecting 
rods, rocker-arm covers, intake mani- 
folds, and engine heads which are 
interchangeable with GM's new 702- 
cubic-inch V-12 engine. 


Simple turbines 


When (or if) gas turbines are mass- 
produced and mounted to power mo- 
tor cars it will doubtless be at that 
moment in their development when 
their simplicity outweighs their other 
disadvantages. On the good side, they 
don’t need coolant or antifreeze; con- 
tain about 20% as many total parts 
as a piston engine (no cooling system 
and almost no ignition system, for 
example); have only three moving 
parts (one compressor, two turbine 
wheels) rather than multiple synchro- 
nized pistons, valves, timing parts; 
they can run on almost any liquid 
fuel; and they weigh only about half 
as much as piston engines of compa- 
rable horsepower 
The main turbine disadvantages 
have been inefficient use of their fuel’s 
total heat energy; poor fuel economy; 
rather poor accelerator-control re- 
sponse; and high purchase price. All 
of these problems have been attacked 
by automotive turbine developers, in- 
cluding Chrysler, GM, and Ford. 
Both Chrysler and GM have de- : : ; : a 
signed turbine components called heat POWER UNITS for new generation of automotive vehicle 8 expend driving force 
with varying complexity, ranging from traditional engine-and-wheel 
combinations to the air auto's spinning fan. Models top to bottom include: 
rear-mounted, pancake reciprocating six (multiple pistons transmission/ 
differential/azles/wheels) ; free-piston (two pistons/ gas conduit/ 
pedestrians and other vehicles) and turbine rotors/transmission/azxles/wheels) ; gas turbine 
channel it back to the compressor (turbine rotors/transmission/ differential/azles/wheels) ; 
area where it increases engine efficien- electric (armatures/reduction gears/azles/wheels) ; and air car 
cy by pre-heating incoming air. (piston engine or turbine/gearing, if needed/fan) 


W. Hopkins | Design 


regenerators which remove heat from 
the exhaust train (where it is undesir- 
able because potentially injurious to 
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Working to better fuel economy 
and accelerator control, Chrysler engi- 
neers have made several recent ad- 
vances. In 1957, a turbine-powered 
Plymouth, the Turbine Special, driven 
from Detroit to Woodbridge, N.J., 
averaged 13 to 14 miles a gallon. For 
a run made this year over the same 
course, the average had been raised 
to 19.39 mpg. In the same vein, time 
Jag from throttle increase to full 
torque output of Chrysler's turbine 
has been cut from six seconds to 
about one second. 

Turbine prices will not drop until 
turbines are mass-produced on a pas- 
senger-car sale, and such assembly- 


Boeing's truck 

Yet, gas turbine research has not 
been limited to the GM_ turbines, 
Ford’s 704 unit, or the Chrysler tur- 
bines, nor has it been confined to 
this country. Starting in 1950-51, 
Boeing Airplane Co. ran tests for 
more than two years on a turbine- 
powered, heavy-duty truck. The weight 
of its 220-lb. powerplant compared 
with a comparable gasoline engine 
weight of 1,500 Ibs. and a diesel 
weight of 2,650 Ibs. Later the Boeing 
engine was installed in Firestone tire- 
testing racer and pushed it to 140 
mph. 


In March, 1950 the Rover Co. in 


Atuminum — Entire car, except windows, upholstery, and rugs. 


Cast twon — Cylinder sleeves. 
Coramics — coatings. 


Dacron — Tire 


Deirin — (Possibly) stressed parts such as steering components. 
Hydrogen and oxygen — Power generating fuel cells for electric 


cars. 
mioket — Die Cast (zinc and steel) trim parts. 
Phosphore — Luminescent coating for instrument glass. 


Piastics — Wheels, springs, bumpers, windshields. 


Styrene butadiene — Tire treads. 


Synthetic tubricants — For transmission. 


Tetion — Chassis bearings. 
floor and seat 


Uratnene — Filling for non-pneumatic balloon tires; eresh, pean: 
padding. | 


pad 


Viscosity index improvers — Lubricating oil. 


line output will not start rolling until 
various bugs, kinks, and sticklers have 
been shaken out of them. To help in 
this shaking and, at the same time, 
make use of their advantages, though, 
they can and will be used in heavier 
vehicles. 

For example, General Electric has 
announced the Marine Corps is going 
to get a new 29-foot combination 
amphibious troop carrier and tank 
which will be powered by a turbo- 
shaft engine. GM is to turn out a 
limited number of the same GT-305 
turbines used as powerplant in its 
futuristic Firebird III research auto. 
These will be used as powerplants in 
buses, trucks, and military vehicles 
for in-service operating information. 
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England built probably the first tur- 
bine auto, an open touring car called 
the Jet ] which carried its powerplant 
in the rear. In 1954 the same firm 
built a turbine sedan model and two 
years later repeated with the T3, 
a two-place sports coupe, also with a 
rear engine. Also British was the 
Austin Sheerline model, built in 1954 
and powered by a heat-exchanger tur- 
bine. 

In France, Renault built a_ twin- 
finned racer, L’Etoile Filante (the 
Shooting Star) in 1956. It placed the 
driver just behind the front wheels 
and the engine over the rear axle. 
And both Mercedes-Benz and Ferrari 
reportedly have done research and 
development on turbine race cars. 


Related to the turbine is the free- 
piston engine or free-piston gasifier. 
Basically this is a self-powered piston 
compressor which supplies gas to run 
a turbine wheel. So far it has run a 
GM experimental car, the XP-500 
(as well as a converted Liberty ship). 


Pistons —free and hot 


As developed by GM the engine 
consists of two opposed pistons work- 
ing in a horizontal cylinder and actu- 
ally joined by a trapezoidal linkage — 
but only to keep them in phase. The 
inner ends of the pistons operate 
diesel-style by compressing air to high 
temperature, then exploding it and 
bouncing out to opposite ends of the 
cylinder. 

As they move outward, compressing 
air at the far ends of the cylinder, 
one piston pushes exhaust gases out 
through an uncovered exhaust port; 
these gases spin the turbine. The other 
piston uncovers intake ports; air rushes 
in, helping force out exhaust gases 
and charging the combustion area for 
another power stroke. As the air at 
the ends of the cylinder is squeezed 
to maximum compression, it bounces 
the pistons back where they com- 
press the combustion mixture again, 
and the cycle repeats. 

A big point in favor of the free- 
piston design is that because the tur- 
bine can be mounted remotely from 
its source of compressed gases and 
operate perfectly well on the 900- 
degree gases supplied by the free- 
pistons, its turbine blades don’t have 
to be made of the expensive elevated- 
temperature alloys — as are needed in 
standard turbines where adjacent com- 
pressor stages deliver gases at 1500 
degrees F. 

About four years ago the intriguing 
word came over the news wires that 
a streamlined electric automobile, the 
Electronic, was to be put on the mar- 
ket. It would be built, said the reports, 
by the Electronic Motor Car Corp., 
Salt Lake City. It would be powered 
by an electric motor fed from batteries 
energized by a gas-turbine generator. 
The removable fiber-glass top would 
go on or off in 10 seconds; the car 
would go 100 mph. 

As it turned out, the Electronic 
was never built, but it seems clear that 
national interest in modern electrics 
did not die. 


The new electric cars 


The building of full-sized electric 
autos ended in the U.S. about 1931; 
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Industry for 
Quality Equipment 


NOW-— available in various sizes in 
both VERTICAL and HORIZONTAL types 


@ Precision controls with wide-range “turn-down” 

@ Choice of extremely rapid, or any slower, cycle heat-up 

@ Interlocking FAIL-SAFE safety devices 

@ Radiation type controllers and saturable core reactor power package 
@ Temperature-controllable over exceptionally wide range 

@ Water-cooled electrodes with “FAIL-SAFE’’ feature 








Pereco Carbon Resistor-Type Furnaces were developed the utmost accuracy. Provided with horizontal push-rod 


to meet the increasing demands of both industry and 
military for an approved unit suited for investigations 
in the ultra-high (3500°-5000° F.) temperature ranges 
in the field of either metallurgy or ceramics. Units now 
in use in leading laboratories are daily demonstrating 
their ability to repeatedly duplicate operating results with 


ports — or pneumatic elevator-type load bearing column 
— either straight through or “in-place” firings (on pre- 
determined schedules) can be readily accomplished. 
This highly versatile equipment may be just what you are 
seeking for your high temperature investigations. Write 
today for further details and prices. 


It will pay you to keep in touch with Pereco. As part of their development program Pereco 
is currently working on some revolutionary new advances in ultra-high temperature equipment. 
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*CTV-412 4" 12” 35” 45" 86” 75 KW 
*"V" indicates the Carbon Tube is in a vertical position 
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yet in recent years an electric vehicle 
industry has been springing up again 
As of 1957, for example, 30 Ameri- 
can manufacturers were turning out 
an estimated 5,000 electric vehicles a 
year. True, these were miniature run- 
abouts for shopping and _ transport 
across golf courses and through big 
industrial plants, but the interest and 
need for electric transportation plainly 
exists 

Reacting to this interest, several 
manufacturers have developed elec- 
trics, beginning with research and 
ending with finished, roadable vehicles 

The most advanced project, cer- 
tainly in point of time, is the Charles 
Townabout, a sports coupe quite re- 
mindful in appearance of the Volks- 
wagen Ghia-Karmann and built by 
Stinson Aircraft Tool & Engineering 
Corp., San Diego, Calif. Weighing 
1.875 lbs., it has a fiber-glass body 
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GUIDANCE SYSTEM developed 

by GM research laboratories 
makes use of a servo-mechanism 
and small analog computer 

to control automatic steering. 
Permanent highway cable (top) 
with a low-frequency charge 
creates a magnetic field 

along its entire length. 

An automobile equipped 

with the robot control 

(above) straddles 

the magnetic field 

with a pair of pickup coils 

so tuned that any deviation 
from the electrical path 

causes a variation in voltage 
which activates the computer. 
A modified power steering unit 
frees the driver's hands (left) 
for more important things. 


and aluminum frame. Wheelbase is 
9414 in. Power is delivered by twin 
3.2-horsepower, 3,200-rpm electric 
motors driving rear-axle jack shafts 
through reduction gearing (6-to-1 
ratio). For comparison purposes, the 
motors’ relative brake horsepower fig- 
ure would be 35. Power for the 49- 
volt electrical system is delivered by 
four 12-volt replaceable-cell, selenium 
batteries in series. Running range is 
about 80 miles, top speed 50 mph, 
and price, including charger and 
built-in reeled cord for 110-volt-outlet 
recharging, is $2,895 

At the same time, the Cleveland 
Vehicle Co., Cleveland, has been work- 
ing on both truck and car projects. 
Its electric truck number 2 is a 
polyester-glass-body metropolitan- 
style delivery model (tested for milk 
deliveries) which weighs 3,000 Ibs. 
and is powered by a 44-cell battery 
pack. The car project is a six-seater 
Rambler American which will run to 
a top speed of about 40 mph. for 
ranges up to 100 miles. It is to have 
a fiber-glass body and a six- to seven- 
horsepower electric motor energized 
by a lead-acid battery (200-ampere- 
hours) under development by Phila- 
delphia Industrial Division of Electric 
Storage Battery Co. Expectation is 
that perhaps batteries would be rented 
for both car and truck. 

Also making use of an American 
Motors Corp. Rambler is a joint proj- 
ect by that automaker and the Sono- 
tone Corp., Elmsford, N.Y. Stated 
object of the project is to see whether 
electric power might lead to more 
economical autos. Specifically, work 
is concentrating on development of 
an electrical power system which 
would be recharged constantly during 
running by a generator powered by 
some type of small engine. 

The battery used in this research 
project will be a Sonotone nickel- 
cadmium unit of the type used in 
aircraft and missiles. much smaller 
and lighter than conventional lead- 
acid units. It won't freeze even at 
minus 60 F, can be recharged quickly. 


handles power overloads, and surges 
well. 


The new tuvel celis 


All electrical power doesn’t need 
to come from batteries. An idea car 
proposed by Chrysler's De Soto Di- 
vision and called the De Soto Cella I, 
for instance, uses the hydrogen-oxygen 
fuel cell for power 

Plans call for a lightweight, high- 
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What is Commercial Uranium? 


Commercial (depleted) Uranium —the uranium isotopes 
remaining after the removal of U-235 (with radiation 
exposure about equal to that obtained in watching your 
TV set)—possesses many inherent qualities of interest 
to many industries. 


Uranium has many interesting properties. 


For example, Davison Uranium has exceptional density 
—68% greater than lead and about equal to gold. This 
indicates usages in the aircraft, shipbuilding, tool mak- 
ing industries—wherever high weight and low volume 
are factors. It alloys readily with many metals including 
aluminum, chromium, copper, iron, manganese, molyb- 
denum, niobium, nickel, silicon and zirconium. 
Corrosion resistance is increased when uranium is alloy- 
ed with one of these metals. Davison Uranium possesses 
high tensile strength and low thermal expansion. While 
extremely hard (Brinnell~Z40) at room temperature, 
uranium becomes very malleable as temperature rises. 
At 1100° F its hardness drops to about 20. 





Is Davison Uranium easy to fabricate? 


Davison Uranium may be melted and cast into any de- 
sired shape. It may be formed by extrusion, drawing, 
rolling, swaging, pressing or forging. 


You can machine Commercial Uranium with conven- 
tional machine tools, bearing in mind that it has work- 
hardening characteristics similar to those of stainless 
steel. 


It is necessary to machine uranium under water solu- 
ble lubricants. Commercial Uranium has been machined 
on a number of tools including lathes and automatic 
screw machines, saws, high-speed mills and centerless 
and surface grinders. 


How about welding? 


Success in welding Davison Uranium has been achieved 
using the Heliarc and shielded arc-consumable elec- 
trode process. At this date experiments continue in 
joining uranium to uranium by brazing or soldering. 


How has Commercial Uranium been used? 


Present applications include shielding materials, tela- 
therapeutic heads, isotope containers; as counter- 
weights and static balancers. And, for many years, as 
coloring agents and glazes. 


Is Davison Uranium safe? 


Radiation exposure is virtually non-existent. AEC 
+estsimtiicate that a Weer Ss exposure to depteted Urani- 
um is only about 1/ 10th to 1/ 100th the radiation receiv- 
ed from an ordinary chest X-ray. 


However, just as other heavy metals such as lead are 
toxic if breathed, care must be exercised to avoid in- 
halation of uranium dusts. A properly ventilated work 
area removes this dusting problem. 


Must special storage precautions be taken? 


Uranium metal (except fines) can be handled and stored 
with methods similar to those used with any other massive 
metal. Fines, however, are flammable and should be 
stored under oil or water. 


is Commercial Uranium expensive? 


ethan example, in lots of 1400 pounds or more 


S¥cial Uranium is priced at just $4.60 per pound 
—considerably cheaper than other heavy metals, with 
the advantage of superior density. 


Need more information? 


A letter will bring you additional details for the appli- 
cation of Commercial Uranium to your products or 
processes. Write today to Department 10, Erwin, 
Tennessee. 


ju! 


w.r.GRACE a co. \C« 
DAVISON CHEMICAL DIVISION ' 
ERWIN, TENNESSEE 


For additional information, circle No. 10 on the Readers’ Service Card 
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Lacking automotive birth control legislation, 


we will have 100-million cars by the year 2000. 


speed geared motor to be mounted 
at each wheel and driving brief, univer- 
sal-jointed axles carrying the wheels. 
As in all the electric projects, a major 
advance over heat-engine powered 
vehicles would be the dropping of 
transmissions, propeller shafts, and 
heavy rear-axles and axle-gear assem- 
blies 

Advanced research on the fuel cell, 
incidentally, is proceeding both in the 
United States and in Great Britain. 
In this country the Patterson-Moos 
Research Division of Universal Wind- 
ing Co. is doing basic research on the 
cell and has teamed with Pratt & 
Whitney Aircraft Division of United 
Aircraft Corp., which is studying all 
systems and components. Both are 
working with the Bacon fuel cell 
under license from the British Na- 
tional Research Development Corp. 

Patterson-Moos has developed a 
cell which delivers 500 watts. British 
developer Francis T. Bacon has de- 
veloped a cell using porous nickel 
electrodes. His delivers two and a 
half kilowatts. Compared to lead-acid 
storage batteries, for example, Patter- 
son-Moos cell produces 250 watt-hours 
from one pound of fuel; a battery 
turns out 10 to 12 watt-hours per 
pound 


Are wheels passeTt 


Possibly the most advanced power 
system coming out of today’s revo- 
lution in automobile research is levi- 
tation, or air-cushion, power. Air-cars 
don't fly in the usual aeronautical 
sense. Instead they float or sled along 
on their own constantly replenished 
cushion of air 

For the Army’s Transportation Re- 
search & Engineering Command, Pia- 
secki Aircraft Corp. in Philadelphia 
has developed an aerial jeep which is 
propelled by fore and aft ducted ro- 
tors. Sometime next year, Piasecki 
hopes to have a commercial version 
on the market for about $5000. 
Chrysler has announced another fly- 
ing jeep, also developed for the TREC 
and also with front and rear ducted 
propeller fans. Powered by a 250- 
horsepower engine, the car is 23 ft. 
long, goes 25 mph. The Air-Car, 
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built by Curtiss-Wright Corp. and 
scheduled for production at C-W’s 
plant in South Bend, Ind. this month, 
will carry four passengers at 60 mph, 
six to 12 inches aloft. Two engines, 
totaling 300 hp., drive the car. 


For the future, Curtiss-Wright en- 
visions not only cars, but busses, 
heavy-duty vans, and pickup trucks— 
and is building prototypes of such 
vehicles for use on both land and 
water. On land the Air-Car can travel 
over any terrain which has been 
cleared of large obstacles with a road 
scraper; such roads could be built 
for as little as $500 a mile. 


Ford Motor Co.'s contribution in 
this area is the Levacar, probably the 
lowest-riding of any of the air vehi- 


a physician, Dr. William R. Bertelsen, 
wanted a vehicle for making his medi- 
cal calls which could travel over ice, 
snow, water, swamp, or sand, as well 
as pavement. His solution is the Aero- 
mobile, a one-man, ground-effect vehi- 
cle powered by a four-cylinder, 72- 
horsepower McCulloch two-cycle en- 
gine. It flies 40 mph at an altitude of 
six inches. Built of sheet aluminum, 
plywood, spruce lumber, and _ steel 
pipe, construction cost of the Aero- 
mobile is $435 with a used engine, 
or $1,625 with a new one. 

Elsewhere, Britain’s Saunders-Roe 
has tested the Hovercraft, an air- 
cushion vehicle that flies 15 in. over 
land or water at 25 mph. Other air- 
car work has been done or is under- 
way by Spacetronics, Washington, 
D.C. (25 ft. long; 100 mph.); Na- 
tional Research Associates (10 ft. 
long); Princeton University (five- 
horsepower saucer); Aerophysics Co., 
Washington, D.C.; University of Cali- 
fornia; lowa State University; U-S. 
Navy’s David Taylor Model Basin; 
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cles. A vehicle of this type, says Ford, 
could easily go 200 to 500 mph since 
it would have no friction to overcome. 

Heart of the Levacar is the levapad, 
basically a flat round metal plate with 
a center hole through which air is 
pushed. This pressure spreads a thin 
film of air outward, lifting the Levacar 
on a cushion just thick enough to 
make it levitate. 

Developer of the levapad system is 
Andrew A. Kucher, Ford's vice-presi- 
dent of engineering and research who 
first proposed the Levacar approach 
to high-speed ground transport in 
1928. Kucher, who sees the Levacar 
principle as being most applicable to 
a type of rail transportation (for leva- 
pad stability), does not foresee the 
end of wheeled transportation. He 
compares today’s high-point of wheel 
development to propeller aircraft when 
they were at the peak of their develop- 
ment in such models as the P-5/, 
Spitfire, and Messerschmidt. 

Many other hedge-hopping vehicles 
either are coming out of the labora- 
tory or already are flying. In Illinois 


Convair Division of General Dynam- 
ics Corp.; Carl Weiland of Zurich, 
Switzerland; and the Gyrodyne Co., 
St. James, N.Y. (one-man vehicle). 


Refinements in engine components 
and accessories are another area of 
power advances. While supercharging 
apparently is not going to be used on 
American passenger cars in the near 
future (except for an occasional cen- 
trifugal or axial-flow type), a new 
approach is being used on some mod- 
els beginning with 1960. The ap- 
proach is simply to cram more air 
into the engine. This is the ram- 
induction technique in which air- 
intakes are extended and the addi- 
tional scooped-in air forces more 
fuel mixture into the cylinders. 

Other work has centered on the 
exhaust system. One manufacturer 
(Bettinger Corp., Milford, Mass.) is 
coating mufflers with ceramics to ex- 
tend their life to 100,000 miles. At 
the same time, Chrysler and Thomp- 
son Ramo Wooldridge Inc., are carry- 





ing on joint research to perfect an 
auto exhaust after-burner. The object 
is to lessen smog, if possible, by re- 
ducing the unburned hydrocarbons and 
carbon monoxide in exhaust fumes. 
Ford and GM both are working on 
catalytic systems to do the same job. 

What will automotive power and 
the rest of auto structures be like in 
the future? Some have suggested the 
possibility of nuclear power. Walter 
Zinn, one of the designers of the 
submarine Nautilus’s atomic power 
plant, believes we won't be able to 
overcome the problems of shielding 
in a car. If we can, Dr. Peter Kyr- 
opoulos, head of technical develop- 
ment on GM’s styling staff, thinks it 
will be used to run an automotive 
steam engine. 

Jet power is out because it would 
injure anyone in its wake. Solar 
power, says Dr. Kyropoulos, is a good 
idea in principle but is not consis- 
tently available nor storable in a com- 
pact package. Norman Barnes of 
General Electric’s research laboratory 
has shown that a 200-horsepower car 
would need 2,940 square yards of 
solar batteries to move it down the 
road. 


will cars replace people? 


Probably the most notable thing 
about the automotive future is not 
the details of the cars themselves but 
their sheer numbers. Petroleum scien- 
tist Daniel P. Barnard of Standard Oil 
(Ind.) predicts 100-million of them 
by the year 2000. Since by now there 
seems to be no hope for any kind of 
automotive contraceptive effect, the 
best way to live with the mass of cars 
is to adapt to them, and a number of 
new and proposed developments are 
aimed at this goal. 

Radar locating devices in the twin 
nose cones of Cadillac’s Cyclone ex- 
perimental car will scan the highway, 
warning the driver electronically 
about objects in his path. 

For similar purposes, an induction- 
field proximity warning device has 
been proposed by Richard B. Schulz, 
electrical engineering specialist at Ar- 
mour Research Foundation. Radio 
transmitter and receiving equipment, 
mounted behind the radiator grill, 
would trigger a red warning light or 
loud buzzer at the dashboard to warn 
the driver in rain, fog, snow, or 
darkness that he was too close to 
other vehicles or vice versa. 

Partially related to this system in 
effect is the electronic vehicle control 


new..... HEVI-DUTY 
THERM OVEN 


CIRC 


Temperatures 
to 250° C. (480° F.) 


Improved Temperature Uni- 
formity. With Hevi-Duty’s “circle- 
of heat” design, there are no cold 
corners. 

Fast Heat-Up. To 200° C. in less 
than one hour. 

Low-Cost Operation on either 115 
or 230 volts. Selector switch permits 
high or low input to enclosed heat- 
ing elements. 

Durable Double-Wall Construc- 
tion. Steel outer shell is prime 


coated on both sides to prevent cor- 
rosion. 

Accurate Temperature Control 
by sensitive bulb-type thermostat 
permits little lag or overshoot. 


For complete information, write for 
Bulletin 458. 
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RESEARCH 
ENGINEERS 


Young engineers with M.S. or 
Ph.D. degrees in Mechanical En- 
gineering or Mechanics are in- 
vited to inquire about research 
positions in analytical mechan- 
ics, dynamics of machines, vibra- 
tion analysis, or stress analysis. 
A good knowledge of applied 
mathematics and the fundamen- 
tal principles of mechanics is re- 
quired. 

We work on a wide variety of sub- 
jects, presently including aircraft 
landing-gear system dynamics, mis- 
sile and satellite trajectory studies, 
dynamics of high-speed shafts, and 
advanced kinematics of mechanisms. 
Our staff members enjoy many 
advantages, not the least of 
which is an excellent opportunity 
for advanced study at Illinois 
Institute of Technology and 
other universities. 

Write us of your interest; we 
will send you full details. 


E. P. Bloch 
ARMOUR 
RESEARCH FOUNDATION 
of Illinois Institute 
of Technology 
10 West 35th Street 
Chicago 16, Illinois 
Circle No. 12 on Readers’ Service Card. 





Almost any job in a biologically 
dangerous area can be made safer 
and easier using a General Mills 
remote handler. With the addition 
of our analog controller, many 
tasks can become automatic. 

Our experience in remote handling, 
particularly in the nuclear indus- 
try, is second to none. The General 
Mills Mechanical Arm, a remote 
manipulator used in radioactive 
areas, is standard equipment in 
nearly every major atomic energy 
installation in the country. 

The Mechanical Division of Gen- 
eral Mills is equipped to custom- 
design and build almost any type 
of remote handling equipment. If 
the task you have in mind is a re- 
petitive one, the analog controller 
can make it completely automatic. 
For further information write: 


NUCLEAR EQUIPMENT DEPARTMENT 
419 North 5th Street 


MECHANICAL 


Minneapolis 1, Minn. 
Circle No. 13 on Readers’ Service Card. 
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system developed by Radio Corp. of 
America. Originally demonstrated in 
a test installation at Lincoln, Neb., 
the RCA system guides ¢ars auto- 
matically along the highway and gives 
electrical signals for automatic brak- 
ing and steering. In addition, the sys- 
tem also can promote highway safety 
by measuring car speed and flashing 
“Slower Please” signals to drivers 
breaking the speed limit. 

Similar systems demonstrated by 
GM are the “auto-control” and “higb- 
way information” systems. 

“Auto control,” designed primarily 
for limited-access roads, steers, con- 
trols speed, and detects obstacles auto- 
matically. Command signals given 
electronically and magnetic reduction 
techniques come from wires em- 
bedded below the highway surface. 
Car-mounted coils detect these signals. 

Another GM development, the 
“highway information” system, con- 
sists of a low-frequency radio setup 
which automatically 
information or 


transmits oral 
warnings on traffic 
conditions from roadside to the driver 

either via the car radio or a special 
receiver. 

As a safety measure, the highway 
information system could warn motor- 
ists almost instantly about trouble 


ahead, supplement traffic signs, espe- 


cially when they are obscured by 
weather and/or darkness, and it could 
be integrated with police and high- 
way-department communications. 

For use in congested cities, another 
electronic system, the “electromatic 
traffic expediter,” has been designed 
by Joseph L. Barker, research director 
of Automatic Signals Division of East- 
ern Industries Inc., Norwalk, Conn 
The system surveys passing traffic, 
estimates how well it's moving, then 
warns monitors when a traffic jam is 
imminent 


Blectronic parking 


Parking, a gigantic problem in the 
United States now, apparently is grow- 
ing bad in Europe too, and again 
electronic solutions have given some 
relief. For example, the “autosilo” 
automatic garage used in Basel, Switz- 
erland, uses electronically operated 
cranes and conveyors, push-button 
operated by drivers, to stash cars 
away in the upper reaches of its eight 
floors. The process is reversed when 
a customer returns, and after the car 
is down an automatic computer adds 
up the bill. 

Automotive research is a big opera- 
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tion and getting bigger. The American 
Management Association reports that 
the auto industry was first among 23 
industry groups in increases of re- 
search budgets for 1959 over 1958; 
its rise was 32%. 

Here again electronic techniques 
are being used increasingly in con- 
ducting automotive developmental re- 
search. General Motors links steering 
wheels to an analog computer to find 
out how new cars in the design stage 
will perform on the road. Also at GM, 
to avoid the expense of building sev- 
eral prototype engines, engineers used 
a digital computer in designing the 
regenerative gas-turbine engine for 
the Firebird II experimental car. 

At Chrysler, engineers cut the lead 
time prior to completion of the first 
car for the new smaller-sized Valiant 
from Detroit's usual 30-36 months to 
only 27 months. One of the main rea- 
sons for this time savings was the 
Valiant task force’s extensive use of 
IBM digital computers. Instead of 
building and testing all trial parts and 
components, designs were tried elec- 
tronically, sifted out, then the remain- 
der actually were machined. Another 
use of computers on the Valiant was 
to calculate whether a newly designed 
part would resonate and become noisy 
in the finished car. Doing the same 
job without the IBM equipment, 
Chrysler says, would have taken 
dozens of mathematicians months of 
working time. 


The body as 4 unit 

Housing the motorist is a major 
phase of the automotive revolution. 
Chrysler is going to “monocoque,” or 
unit-body, construction this year in 
all brands except its /mperial. Reason 
for the change is that Chrysler engi- 
neers — like other unit-body advo- 
cates — believe it is the surest way 
to an ideally quiet, durable sturdy 
car body. Other approaches to good 
body design are being tried by other 
builders. 

Kaiser Aluminum and Chemical 
Sales Inc. has submitted to the auto 
industry designs for an all-aluminum 
passenger car (except for windows 
and fabric parts) 

DuPont hopes that its Delrin plastic 
can be adapted by automakers for 
the manufacture of stressed parts such 
as front-end steering units. Also, fiber- 
glass continues a popular if not 
widely used body material and still 
shows chances of becoming more 
generally adapted. Two new foreign 
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cars, Israel’s Sabra station wagon and 
the small car built by Zor-Auto of 
Canada, will have glass-fiber bodies. 

Changes are going on inside too. 
Alternator-rectifier systems for deliver- 
ing alternating current seem ready to 
replace the traditional generator regu- 
lation direct-current system. The big 
advantages of the d-c system are 
higher current output, lighter-weight 
units, and the end of burned-out gen- 
erator coils, brushes, and other mov- 
ing parts. Ford and GM have been 
using the alternator system in some 
of their heavy vehicles; Chrysler prob- 
ably will introduce it first in passenger 
Cars 

Chrysler also has brought less in- 
strument glare to night drivers with 
the introduction of electroluminescent 
instrument lighting on its Chryslers 
and /mperials. The new blue-green 
lighting units, developed by Sylvania 
Electric Products Inc., will not burn 
out but rather fade in intensity (serv- 
ice life — more than 10,000 hrs., com- 
pared to 300 to 1,000 hrs. for incan- 
descents). 

Another instrument advance is the 
introduction of tiltable speedometers 
on GM's 1960 models. 


Next revolution: materiais 

Entirely new classes of body and 
frame materials will be used in the 
next 50 years, believes Ford’s Dr. 
Kucher. These will include: steels 
more than twice as strong as today’s; 
plastics as strong as today’s metals 
and used for body panels and load- 
bearing members; and strong glass-like 
materials having both strength and 
transparency and usable for roof con- 
struction. With such window roofs it 
might not be necessary to install the 
roof periscopes proposed by American 
Optical Co. for giving drivers a wider, 
safer field of vision, free of back-seat 
blind spots 

As the result of striving for more 
and more advances through research, 
automotive designers are learning 
more, are able to do more — because 
their scientific heritage has deepened. 
Just as da Vinci wanted to loft him- 
self, so do we in 1959 with our hover- 
ing and levitation cars. Against this 
backdrop it may not be too speculative 
to envision the realizing of that desire 
to lose heaviness. Already, for ex- 
ample, anti-gravity research has been 
conducted by such firms as Sperry 
Gyroscope, Bell Aircraft, and Martin. 
It might even solve the traffic problem 
of those 100 million cars. 7 
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Can you spot a DATA 
DISPLAY problem? 


If you can, the reward will be better 
machine and system operation. 


Gifford M. Mast 
President 

Mast Development 
Co., Inc. 

says... 


Operating today’s complex machines 
and systems demands difficult, split- 
mont decisions. Their operation re- 
quires subtle discrimination between 
various kinds of signals and clues. And, 
while operator problems increase, oper- 
ators must be trained in less time. 


If machine-to-man communication falls 
down, operators fail to maintain the 
pace set by the machine and fail to get 
the most out of the equipment. They 
may require years of experience, instead 
of days, to get the “‘feel’’ of a machine. 
The results: costly mistakes, production 
slow downs, and operator injuries 


This machine-to-man communication is 
what we refer to as Data Display and 
Feedback. Data display may mean a 
meter, a graduated knob, a complex 
picture viewed through a stereoscopic 
lens system, characters or curves on a 
C.R. tube, or a simple signal light or 
instruction plate. Meaningful data is 
that which lets the operator know what 
the machine is doing, what instructions 
it is acting on, what it is sensing. 


Almost every machine has a data dis- 
play problem in some degree—SAGE 
“sub,”’ missile guidance system, electric 
frying pan—and your own products and 
automation equipment. The problem 
that haunts many an otherwise success- 
ful product or system is really one of 
DATA DISPLAY. 


If you spot a DATA DISPLAY prob- 
lem, don't let it “haunt” you. Instead, 
use our experience to help you solve it. 


Good Data Display solutions require 
skill in human factors, in perception, 
in counting devices, in photo-optical 
and electrical systems, and even a sharp 
eye for style. All of these skills are 
brought together in MDC. This unique 
facility also includes one of the largest 
independent model shops in the Middle 
West 

Our organization is planned to help you 
meet delivery dates by providing fully 
engineered Data Display equipment 
that will increase your market prestige 
and add dollars to your surplus. 


For more information, write direct or 
circle No. 16 on the inquiry card. For 
faster action, phone Davenport 3-9729 
today. 


MAST DEVELOPMENT 


co. 
INCORPORATED 


2212 East 12th Street 
DAVENPORT 5, |OWA 
Circle No. 16 on Readers’ Service Card 
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RESEARCH FOR THE INVESTOR 


Big business R&D budgets are up 12% 
over last year, with the automobile in- 
dustry showing the largest gains. 

Autos led the research rise among 23 
industry groupings with a 32% increase 
(see Another Automobile Revolution in 
this issue). Other budgets showing signi- 
ficant gains of more than 20% were in- 
struments, electrical machinery, and 
metalworking machinery concerns, ac- 
cording to the AMA. 

Research spending averaged 3.2% of 
sales, overall the rubber industry 
leading with a 9.3% R&D reinvestment. 
Two industries, foods-beverages and 
paper, showed less than a 1% of sales 
research expenditure. 

What may be a record in research 
spending was announced by the Magna- 
vox Co., which turned over 12.4% of 
its sales dollar to the development of 
new products, airborne communications, 
radar, and data-handling equipment. 


Electronics 


Increased research expenditures to 
keep abreast of new technological de- 
velopments is being blamed in part for 
lower profit margins in the electronics 
field 

In the highly-competitive (some 80 
firms, 40 of which have entered the field 
in the last three years) semiconductot 
market, for example, product obsoles- 
cence is a constant bugaboo. Labs around 
the nation are turning out new materials 
and gadgets so rapidly that firms have 
difficulty getting back development costs 
from sales. 

Semiconductors now sustain a $1- 
billion market, but forecasts indicate 
this will be chopped in half within a 
few years. Thus, many companies prob- 
ably will merge or fail 

Announcement of the construction of 
a new plant near St. Louis heralds the 
entry of Monsanto into the chemicals- 
for-electronics industry. Research in 
silicon is underway, and Monsanto is 
getting a license to use the Siemens- 
Westinghouse process for making ultra- 
pure silicon. 


Expansion in R&D facilities character- 
izes the metals industry today. Two com- 
panies have announced additions to their 
present research plants, Alcoa, with a 
multi-million dollar research center at 
Merwin, Pa., and Foote Mineral, with 
a new $2.2-million research and engi- 
neering building at its present center 
near Exton, Pa. 


The long and costly steel strike was 
not without benefit to the industry 
itself, as it enabled several companies to 
continue installation of new basic-oxygen 
converters, said to be the greatest tech- 
nological advance in ‘steelmaking since 
before 1900. 

Developed from the Swedish Kaldo 
process, the furnace employs a direct 
strean of high-purity oxygen to burn 
off impurities instead of the open-hearth’s 
external heat. Advantages: lower capitali- 
zation, operational savings, faster pro- 
duction. 

Now there are only 12 of the new 
converters in operation in the U.S.: Mc- 
Louth Steel of Trenton, Mich. has five, 
Kaiser Steel three, Jones & Laughlin 
two, and Acme of Chicago two. These 
account for a little more than 2% of 
total production, but indications are 
they'll handle as much as a quarter of 
the nation’s steel by 1965. 

Jones & Laughlin is so enthusiastic 
about its two converters at Alquippa it 
has contracted for a $24-million oxygen 
plant at Cleveland. Colorado Fuel & 
Iron will install a shop at Pueblo, and 
Phoenix Steel plans one for Burlington, 
N.J. Great Lakes Steel, Armco, Republic, 
and others have the process under study. 


The atomic industry 





Chief gains in the relatively new field 
of nucleonics have been in radioisotopic 
analysis. The AEC reports that industry 
is saving more than $1-million daily by 
the use of isotopes. Companies with new 
or expanded facilities for their industrial 
application are Evans Research & Devel- 
opment Corp. and Nuclear Consultants 
Corp. 

Less spectacular but gaining steadily 
is the field of radiation processing, em- 
ploying beta or gamma rays above one 
kilowatt in power. Not yet a tool of 
major importance because of their pres- 
ent high cost and limited advantages 
over other radiation sources, radioactive 
nuclides hold promise for the next five- 
to-10 years. 

Two new profitable applications are 
the sterilization of surgical sutures and 
cross-linking of polyethylene in various 
shapes. A handful more are in the test- 
ing stage, but most will be expensive, 
low-volume specialties. 

The military is experimenting with it 
in food sterilization and pasteurization 
and it is hoped that by 1970 it will be 
useful in increasing the shelf-life of 
rations by several years. 

(continued on page 34) 





YOUR AWARD... 


SABENA“ JET ’N "COPTER”’ 


HOLIDAY ABROAD 


Beseler Slide-0-Film Uses-In-Industry Award 
Just add your idea — it may come “right off the top of your head” — to 
the fast-growing list of uses for new Beseler-Kalvar Slide-O-Film in your industry! 

If your idea produces the Award-Winning Use—YOU'RE OFF TO BRUSSELS AND 
EUROPE BY NEW SABENA JET, AND TO THE'HEART OF PARIS’ BY HELICOPTER ... ON 
A ONCE-IN-A-LIFETIME SABENA “‘JET'N ‘COPTER HOLIDAY ABROAD FOR TWO! 


- 





| 
ie 
[ 
f 
| 


SLIDE-O-FIL tely_new physica system of phot 
Hight andl devstoped ye {for making projection postive 
negatives from color or positive transparencies in just 2 minu 





ency or negative, S 
in an py pte 
source for 








——— 


: 


oe eee eee eee eee sce ees eeeseeseeneseesesg 


CHARLES BESELER COMPANY 
237 South 18th Street, East Orange, N. J. 
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Please send full details on Slide-O-Film Uses-In-Industry Award 
and Slide-O-Film Sample Kit. (25¢ enclosed to cover mailing 
and handling costs.) 


ts; tives for printing low cost “blow- 

cat bom color or print ‘Polaroid® trans- 
parencies. 

To find out how you can easily win the exciting 

Sabena “Jet 'N 'Copter"Holiday Abroad for Two: 

an “Award” application when you 

buy » SLIDELO-FILM from your dealer or send 


- coupon for full details Sample Kit that 
contains all materials you need to win. 
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GET UP TO DATE ON NEW YORK STATE 


Ay 


Ss 


Confidential Reports Ready 
on 2,000 Industrial Sites 


If you've ever had difficulty in 
finding good sources of information 
on industrial sites, here's important 
news. Today, the New York State 
Department of Commerce can supply 

uu with all the facts you need to 

m more than 2,000 carefully 

sites throughout the state 
information is detailed ip to 

date and accurate. It is obtainable 


nowhere else 


Choosing the right site 





N. Y. State plant sites are chosen 
the Department of Commerce 
ifter on-the-spot 
trained industrial geographers and 


inspections by 
dustrial real - estate specialists 
Many of these sites are less than 
in hour by rail or truck from metro- 
politan New York 
z ind richest market. Others are 
situated on deep water along the 
Hudson River, the Barge Canal or 
the newly opened St. Lawrence Sea- 


the world’s big- 


way Still others are close to the 
which links New York 
with bordering states and Canada 


Thruway 


Free, comprehensive report 





For recommended sites, informa- 
tion is provided on labor availability 
water quality and 
transportation state 


and costs 
olume 


ind local taxes power costs, etc 
Where buildings exist, you'll get de 
tails on price and financing 
heating and 
cooling e.ectrical installations 


structural conditions 

ind floor load capacity 
All information is 
t uur identity and is 


strictest confidence 


gathered with 


cost or obligation 


free reports on in 

labor, transportation 

r subjects, please drop 

outlining your specifi 

he New York State De- 

of Commerce, Room 456 

Alban) 7 N Y 

ALbany 5-7521. We'll 

o send you our free 

dustrial Location Serv 

shows how you can put 
to work 


Kick ¥ 
Keith S. McHugh, Commissioner 


N. Y. State Dept. of Commerce 
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Research for the investor (ov ¢ (om pew 22 


Chief R&D areas ahead for radiation 
processing: “cheap” radiation and the 
discovery of processes where radiation 
will provide the only feasible approach 

In the nuclear-fuel industry current 
stockpiles of mined and milled uranium 
ores already are some 20 years ahead of 
industry requirements 

Best investment opportunities until the 
industry catches up with its suppliers 
should be in the refining of mill concen- 
trates (U,O.) into chemically-pure ura- 
nium compounds, reprocessing of “used” 
materials (including the recovery of 
usable elements and the disposal of radio- 
active wastes), and fabrication of ura- 
nium into fuel elements 

Refining today is done chiefly in two 
large government-owned plants, one op- 
erated by the National Lead Co., an- 
other by Mallinckrodt Chemical Works 
Fabrication is private, principally at Gen- 
eral Electric, Westinghouse, Olin Mathie- 
son, and Metals & Controls 

Because of hazards involved in re 
processing and the limited market for 
high initial investment, the government 
so far has not been able to interest pri- 
vate industry in this phase of fuels- 
handling. Currently it owns plants op- 
erated by Phillips Petroleum Co. and 
Union Carbide Nuclear Co. 

A more specific use of nuclear fuels 
is not now economically feasible. In 
spite of the Navy's success with marine 
application and our “showboat™ mer- 
chant ship Savannah, technical obstacles 
are still too great to interest private in- 
dustry. Established companies supplying 


nuclear fuels now (like Sylcor or Metals 
& Controls), however, are of some in- 
vestment interest. 


Recent breakthroughs in space tech- 
nology have spurred activity throughout 
the industry and the resulting expansion 
and construction may be of interest to 
the investor 

ws The newly-established Space Tech- 
nology Division of Aerojet-General (sub- 
sidiary of General Tire) is engaged in 
R&D on ion and nuclear propulsion and 
space systems. Among the projects in 
which Aerojet is participating are Dyna 
Soar, Thor-Able, Vanguard, and Aerobee 

s An Avionics Flight Test Center has 
been set up by Texas Instruments near 
Dallas to bring together labs, engineering 
offices, and airport facilities for more 
efficient testing of airborne electronic 
systems. 

# CBS Laboratories and M. Steinthal 
& Co. Inc. have cooperated in creating 
a new concern, Space Recovery Systems 
Inc., to research recovery methods for 
personnel and equipment from high alti- 
tudes and outer space. Steinthal long has 
been a leader in the parachute and re- 
covery field. 

@ Recent contracts from the AEC and 
Navy Aeronautics Bureau necessitated 
expansion of technical ceramics produc- 
tion at Gladding, McBean & Co., an 
R&D leader in developing rocket noz- 
zles, radomes for the Sparrow III missile, 
and solar furnace components 











THE FAR REACHES OF MAN’S KNOWLEDGE 


Over the years ITT Laboratories has made 
significant contribution to advancing the state 
of the art in electronics. Today highly evolu- 
tionary progress is moving apace in such areas 
as broadband communications systems, low- 
noise parametric amplifiers, atomic clocks, in- 
ertial navigation systems, high density storage 
tubes, and space guidance, navigation and 
flight control. Major achievements are result- 
ing in stored program digital computers and 
digital communications. 

While engineers and scientists at ITT Labs 
meet the urgencies of today, they are simul- 
taneously exploring the far reaches of man’s 
knowledge, accepting small failures, making 
small successes, to unlock the doors to revolu- 
tionary achievements in electronics. 
Communications, as essential to civilization as 
food and shelter, is an area of unlimited chal- 


ITT LABORATORIES 


A Division of International Telephone and Telegraph Corporation 
500 Washington Avenue, Nutley, New Jersey 
Fort Wayne, Indiana e San Fernando and Palo Alto, California 


lenge which constantly occupies our efforts. To 
find more room within the radio spectrum for 
electronic communications — from direct cur- 
rent to the cosmic rays—is a major goal. 
Revolutionary ways to extend communications 
is another. We foresee early success with single 
satellite systems of the delayed-transponder 
type, and possibly passive reflector satellites. 
In only a few years ITT’s “Earth Net” com- 
munication system may be a reality, providing 
global communications via three satellites in 
orbit. Within a generation, world-wide televi- 
sion may be a commonplace. 


Positions of responsibility, challenge and 
reward are open to engineers with mini- 
mum B.S. degree and U.S. Citizenship. 
For information regarding specific posi- 
tions, write G. T. Wall, Technical Place- 


ment Director. 


For additional information, circle No. 19 on the Readers’ Service Card. 
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SYSTEMS AND COMPONENTS FROM 
ITT’S COMMUNICATIONS DIVISION... 


Complete ground communications for the Atlas and Titan 
Missiles . .. data conversion and handling and numerical 
machine tool control . .. automatic data switching systems 

.. communications for SAGE air defense... these are 
some of the major projects designed, developed and pro- 
duced by Kellogg. 

Today, Kellogg systems and components play expanding 
roles in remote control, data and voice transmission, tele- 
metering, microwave—for Kellogg is the communications 
division of International Telephone and Telegraph Cor- 
poration, pioneer in communications developments. 

Whatever your needs, “call Kellogg”... whether for 
research, for technical know-how, or for the unparalleled 
facilities of invention and production for which Kellogg 
has been famous for 60 years. You’ll find Kellogg uniquely 
qualified to tackle today’s communications problems in 
industry and defense. 


| I AAMT 


Kellogg Switchboard and Supply Company, 6650 South Cicero Avenue, 
Chicago 38, I! Communications division of 
international Telephone and Telegraph Corporation. 


T 
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MICROWAVE More reliable and 
economical in certain areas than 
conventional wire systems. For 
telemetering, data and voice 
transmission, remote control. 
Dependability better than 99%. 









MATRIX Easy-to-position phe- 
nolic grid holding up to 10 x 30 
miniature selenium disc rectifi- 
ers. Ideal for systems requiring 
translation or logic. 





RELAYS For all industrial needs, 
fitting a wide range of applica- 
tions. Kellogg will gladly engi- 
neer relays to meet any specific 
requirements. 





SWITCHING For data process- 
ing or telephone central offices. 
Self-correcting: “wrong num- 


bers” impossible. 






CARRIER Four, eight, twelve, 
sixteen channels — for telephone, 
telegraph, or radio multiplex. 


RELAYS + SWITCHES - APPARATUS - TELEPHONES 


“Certified by a World of Research” 


MILITARY R&D 


Washington, D.C, 
4th quarter, 1959 


Dear Sir: 


The technological crisis that has developed 
between the U.S. and USSR hinges upon a margin 
of superiority in research and development, New 
knowledge is not exclusive to any one area of 
the world. Eventually, both sides could enjoy 
the benefits of such advances. The important 
points are: when, and in what order? 


For instance, when will a significant 
breakthrough in high-temperature metals be made? 
In the period of tension today, this factor of 
lead time (the period from wanting to getting, 
from "womb to boom") assumes strategic importance, 


Today, U.S. lead time is about eight years 
for research, development, testing, and production, 
When compared to the Soviet lead time of about 
five years, we can see that government and 
industry have a critical problem to solve, 


This means Russia can beat us to the punch 
on items that we ourselves conceive, For example, 
if a technological breakthrough were achieved 
today, it would not be until 1967 or later that 
a new family of developments could be operational. 


In contrast, the USSR could acquire such new 
information even two years later, and still 
beat us to the punch by one year with a new 
weapon or counterweapon., This is why we are 
so conscious of the need for a drastic 
revision of our funding and management 
techniques to achieve a cycle of four years, 


What can industry do to achieve such a 
cycle? The rapidity of new inventions and 
breakthroughs requires a studied alertness to 
utilize these developments. Such information 
must be assimilated and disseminated quickly. 
Concurrent engineering research and production 


design is necessary—the “systems engineering" 
concept, 


The government also can help cut lead time by 
improving decision-making in the evaluation of 
new weaponry. One important goal should be 
termination of unprofitable projects, 
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Early production tooling is crucial in 
extending our time scale. We need a greater 
capacity for rapid conversion and re-equipping 
military production lines with modern tools 
already stockpiled or available from consumer 
goods production, 


In accomplishing military production objectives, 
economic resources are important, but cannot 
be substituted for foresight. Our military 
budget experience makes that clear. 


Large appropriations made after the Korean 

war in fiscal years 1951 and ‘52 did not 
produce any significant expansion in deliveries 
of either etandard or advanced hardware until 
the conflict had terminated, The funds 
provided before conflict erupts spell 

defeat or victory in any war of lees than 

three to five years duration, 


Herein lies the significance of lead time 
in this era of big budgets, We certainly cannot 
buy time with money when expenditures lag 
requirements by a period of years, particularly 
in wartime, 


Our procedures are too rigid and restrictive. 
Acceleration of deliveries usually can be accomplished 
only on a crash basie—which still involves 
additional changes, disruption of normal procurement 
procedures, and unacceptable delays. However, 
with some of our critical missile systems, planned 
telescoping or a hight degree of overlapping in 
the phasing of programs now is the rule, 


In some 14 missile projects, this has 
reduced lead time to five years, eight monthe 
a highly significant improvement. A 
further decentralization of authority 


would have a beneficial effect in broader 
fields, 


But despite our disadvantage in lead time, 
research has made rapid advances for military 
development. Research contracted to industry 
and universities is the chief determinant of 
the state of the weapon art during the next 
decade and beyond, 


Applied research programs have resulted in 
improved rifles and other emall arms, Many types 
of guided miseiles are under development to supplement 
or replace those we have now, For instance, 
Sergeant will replace Corporal, and Pershing 
will replace the workhorse of our missile 
arsenal Redstone, In addition, LaCrosse units 
now being organized will back up frontline 
infantrymen. These are all seurface-to-surface 
weapons fired at ground targets. 





Missiles, space vehicles, and even tanke will 
benefit from industry's advances in high- 
temperature alloys and electronic miniaturization, 
Research by Army engineers recently resulted 

in an AC-DC inert gas are welder for 

hard-to-weld thin gage materiale for support 

of the Army's missile program. 


In the air defense field, the shoulder-fired 
missile Redeye will be used against attacking 
aircraft; the field mobile Hawk missile will he 
employed against low-flying aerial targets. We 
have successfully fired the sustainer rocket 
motor for Nike-Zeus (the only weapons system 
presently designed to attack incoming ballistic 
missiles) and are now getting along into the 
testing stage of the complete system, In the 
future we hope to fire it against our own 
IRBMs and ICBMs to establish its effectiveness. 
NASA and ARPA are undertaking studies to speed 
detection of ballistic missiles, 





On the ground, battlefields of the next 
decade would be much larger than ever before-— 
with lees clear-cyt boundaries between units. 
Real mobility will be the key to success. Combat 
units will move fast, concentrate to destroy 
the enemy, and then disperse rapidly. Soldiers 
will move in aerial vehicles just above the "nap" 


of the earth and carry with them new types of 


lightweight but potent weapons using conventional 
as well as atomic ammunition, 


Some interesting vehicles are under development 


to give troops the mobility they require. On the 
ground we look to the "Goer" type of equipment 
used in the construction industry, where large 
wheels and tires give true, off-road mobility. 
New tanks and armored personnel carriers will 
back up the powerful new weapon systems, 


One unique vehicle is a highly mobile airborne 
mechanical ditch digger, being tested by Army 
Engineers, The digging mechanism is hydraulically 
retractable for road travel (at 35 mph) or air 
transport. It can dig 12 feet of trench a minute, 


The search continues for efficient Verticle- 
Takeoff-Landing and Standing-Takeoff—Landing 
vehicles that will fly low, slow, and quietly 
just above the battlefield, 


Communications and electronics have enabled the 
Army to increase its command and control capabilities 
to the degree required by mobility and dispersion, 
New radios and relay systems will use the latest 
techniques of earth eatellite transmission and of 
bouncing signals off the moon, Included in this area 
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aleo are the surveillance drones that will penetrate 
enemy lines to send or bring back information recorded 
by radar, infrared, photographic, and TV equipment. 
Thies information then will be sorted and evaluated 

by automatic data processing systems. 


One Army-Air Force experiment has shown that 
closed-circuit television—with camera and 
receiver at plotting boarde—can speed exchange 
of radar information between the two services. 


Detection information is expected to be relayed 
84% faster, 


But in the highly competitive field of inter- 
national technology the U.S. is lacking sorely in 
several areas, We should seek a greater coordination 
of effort within friendly nations by fostering 
coordinated development programs. Research, 
development, and production engineering procedure 


must be streamlined and funded to gain the maximum 
benefit of current technological advances, 


Industry must gear itself to produce items of 
complexity and performance previously unknown—in 
an absolute minimum of time, with full consideration 
of the man-machine compatibility problems involved, 


In turn, government must streamline its time- 
honored, but time-consuming, administrative procedures, 


Lt. Gen. Arthur Trudeau 
Chief, Army ReaD 


For more information, circle 
No. 21 on the Readers’ Service Card. P 
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Transae. §-2000 
by PHILCO 


... First in Transistorized Data Processing 


Conceived and created by the top technical skills in the industry, 
TRANSAC S-2000 all-transistor data processing equipment is- recognized 
as the first and finest. With unmatched speed and incomparable 
quality, TRANSAC S-2000 is the ultimate for accurate, uninterrupted - 
data processing . . . a new horizon in the state of the art. Philco has 
the resources and the organization to solve your data processing 
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PHILCO® 


Government and Industrial Division 
4700 Wissahickon Avenue, Philadelphia 44, Pennsylvania 
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New Industrial INFRARED Device 











> 


r 


i 


Measures...Controls Temperature...Without Contact 


Since World War II, there has been an 
accelerated development of materials 
and components for infrared guidance 
ind reconnaissance systems. A number 
of components and techniques, devel- 
oped for military use, are now being 
applied to industrial instrumentation 
Radiation Electronics Company has 
developed several types of infrared in- 
struments for remote temperature meas- 
urement and control now being used in 
the production and testing of paper, 
glass, rubber, metals, and plastics 

The Thermodot radiation thermom- 
eter, Model TD-3, has been designed 
specifically for production plant opera- 
tion. Since the operation is completely 
remote, Thermodot readily measures 
and controls the temperature of moving 
and inaccessible surfaces. The high sen- 
sitivity of Thermodot provides reliable 
measurements at low temperatures—the 
lowest standard range is 400°F full 
scale. Other standard ranges extend to 


2000°E Measurements are completely 





automatic and continuous, and the re- 
sponse time is two seconds. An internal 
calibration source provides rapid and 
accurate standardization. 

Thermodot measures the temperature 
of a remote object without physical con- 
tact. Operation is based on the fact that 
an object emits thermal radiation as a 
function of its temperature. An infrared 
lens, located in the Thermodot optical 
head, is used to focus this radiation onto 
a sensitive infrared detector. The detec- 
tor generates a signal voltage accurately 
proportional to the radiation intensity, 
and the signal is amplified to drive an 
indicator calibrated directly in tempera- 
ture. 

The infrared radiation detecting ele- 
ment is hermetically sealed to prevent 
contamination by vapors and fumes. In 
addition, the optical assembly is housed 


in a sturdy, dust-tight enclosure and is 


For additional information, circle No. 22 on the Readers’ Service Card. 
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insensitive to vibration and shock as 
normally encountered in the plant. Am- 
bient temperature variations from 20- 


120°F have no effect on its operation. 


Complete Thermodot Mode! TD-3 Consists of 
Optical Head, Power Supply and 
an Indicating Controller 


SPECIFICATIONS OF THERMODOT MODEL TD-3 
WORKING DISTANCE . . Any range greater 

than one foot (prefocused at factory). 
 s-» nee Responds in two seconds. 


CALIBRATION . . Internal reference source 
permits accurate standardization in seconds. 


EMISSIVITY COMPENSATION . . Adjustable 
at control panel. 


AMBIENT CONDITIONS . Unaffected by am- 
bient temperature variations from 20-120°F. 


» » » 


For more intormation. 


write for Bulletin R-100 


RADIATION ELECTRONICS Co. 


5600 West Jarvis Avenue, Chicago 48, Illinois * Telephone: SPring 5-2400 
DIVISION OF COMPTOMETER CORPORATION 
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THE USE OF ARTIFICIAL SATELLITES: 
A SOVIET PERSPECTIVE 


THE DREAM WORLD OF SPACE 


SIMULATING SPACE 


THE ROCKET: A PAST AND FUTURE HISTORY 
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The author, Ari Shternfeld, is one of the world’s foremost space scientists. Some 30 years ago, 

Robert Esnault-Pelterie of France, then a pioneer in aviation and later also in rocketry, helped establish an annual prize 
of 4,000 frances for the best contribution to the science of “‘astronautics,”" a word he coined. 

The first award went in 1928 to the German mathematician Hermann Obert. 

In 1934 it went to a “Monsieur Ari J. Shternfeld."’ Since then, Shternfeld has been working intensely 


the use of artificial satellites: 
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in this field in France and the Soviet Union. The book from which this chapter is condensed and updated 
stands as one of the best surveys of the state-of-the-space-art published in any country. 

Sputnik I proved not only the validity of Newton's laws but also the dangers of insularity. 

Willey Ley, in his forward to Soviet Space Science, suggests we acquire the habit of paying 

more attention to Russian professional literature so that future surprises, at least, will not be so surprising 


by Arl Shternfeid, 


the USSR’s winner of the International Prize for the Promotion of Astronautics 


‘~a soviet perspective “G 








ILLUSTRATED BY FELIX PALM 
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uring recent years the term “artificial earth 
ad satellite,” which had an unaccustomed ring, 

has been encountered with increasing fre- 
quency. Today, the artificial satellite is no fantasy 
or daring dream, but a tangible achievement. It was 
the first step toward our successful flight to the 
moon, and will lead to future flights to the planets. 

Theoretical substantiations for the possibility of 
creating an artificial body to revolve around the 
earth appeared as far back as 1687, when the bril- 
liant work by Isaac Newton, Mathematical Principles 
of Natural Philosophy, was published. 

At the very beginning of the 20th century, K. E. 
Tsiolkovskii proposed “setting up a permanent ob- 
servatory, to revolve around the earth beyond the 
limits of the atmosphere, like its moon.” But condi- 
tions necessary for solving so complex a problem as 
the creation of an artificial satellite of the earth did 
not then exist. It has only been in our day, when 
science and technology have made immense strides 
forward, that the solution of this problem has proved 
feasible. 

The artificial satellite combines the properties of 
balloons capable of hovering above the earth for a 
long time, and of rockets capable of rising to high 
altitudes. From an artificial satellite, man for the 
first time will be able to see the earth suspended in 
space. Artificial satellites are useful primarily as 
flying observatories for inspecting the surface of the 
earth or moon, the data automatically recorded and 
transmitted to earth by radio. We here present some 
examples: 


A ay ay | unpolitical and detailed elaboration of this article 


may be found in author Shternfeld’s newly translated book, Soviet 
Space Science, published by Basic Books Inc., 59 Fourth Ave., 
New York 3 ($6; 361 pp). Information presented here is an 
updated condensation of the book, especially of chapter 11, “The 
Utilization of Artificial Satellites.” 
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The moon unmapped 


Now that we have reached the moon, the idea of 
a satellite orbiting at low altitude around the moon 
becomes feasible. An artificial satellite revolving 
around our natural satellite could be established in an 
orbit six miles above the surface. That would be close 
enough to provide a detailed look, but high enough to 
avoid crashing into lunar mountains, some of which 
reach five and a half miles high. 

Of course, the absence of an appreciable atmos- 
phere makes such a low orbit entirely practical. 
The low altitude will be equipped with television 
and other devices to transmit map pictures of the 
moon to the earth. 

The lunar satellite would be launched from earth 
to a point 120 miles above the moon. There it would 
be given an automatic sidewise thrust to move it 
into the proper orbit, which would grow closer and 
closer to the moon until it would pass into a circular 
path at the proper altitude. 

Traveling in a polar orbit, the satellite could sur- 
vey the entire surface of the moon in less than one 
month. 


The earth unmapped 


At the present time, high precision cartography of 
the continents has covered only 7% of the land 
surface of the earth. From an artificial satellite, 
however, it will be possible to map, by photosurvey, 
many of the almost inaccessible localities. 

Large areas covered by clouds can be photographed 
by means of invisible infrared rays as well as by 
means of radar. Photographs of-the earth’s surface 
taken from an artificial satellite will be distinguished 
by high accuracy. Distortions due to the atmosphere 
will be negligible. The effect will be like reading a 
printed text through wax paper. 

Television transmitters can send simple and stere- 
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oscopic views of the surface of the earth (or the 
moon). To obtain stereoscopic images, two trans- 
mitting television cameras can be placed on two 
separate satellites and the distance between them 
maintained approximately constant during their mo- 
tion, or, one satellite with a single camera can make 
photographs at different moments of time. 

Exact observations of the motion of artificial satel- 
lites, even of very small size, permit very precise 
measurements. For example, the width of the Atlantic 
Ocean can be determined with an accuracy of 100 
feet. In this way, the artificial satellite will make it 
finally possible to confirm or refute the hypothesis 
of the relative shift of the continents. 

During observations of the motion of satellites, 
it is possible to detect gravity deviations connected 
with the nonuniform structure of the earth’s crust, 
which possibly may permit the discovery of petro- 
leum deposits and other useful minerals. 

Although aircraft make constant observations of 
the movement of the floating ice in the Arctic seas 
and oceans and patrol forest expanses, such observa- 
tions will be considerably more efficient from arti- 
ficial satellites. The instruments installed on them 
will warn navigators of ice packs and will report 
back to the earth on forest fires. 

Glaciologists hope that observations from an arti- 
ficial satellite will confirm the hypothesis that the 
earth’s climate is becoming gradually milder and 
that, in this connection, the ice cover of our planet 
gradually is retreating. 

At least 1% of the water mass of the earth is ice, 
which covers 1/10 of the earth’s surface. But in the 
distant future, water from melting ice will raise the 
level of the world’s oceans and submerge some of 
the ports existing today. 

Satellites revolving in elliptical orbits permit a 
three-dimensional magnetic survey of the space sur- 
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rounding earth, can study the causes of magnetic 
anomalies, investigate the effect on the earth’s mag- 
netic field of the electric currents generated at very 
high altitudes, and study the influence of the varia- 
tion in cosmic ray intensity on the course of mag- 
netic storms. Of practical importance, such studies 
will permit the discovery of mineral deposits and 
determination of their ore reserves. 

Our knowledge of the atmosphere’s upper layers 
is still incomplete and demands fundamental deep- 
ening. In particular, scientists are attracted by the 
problem of measuring the pressure and density of 
the high layers. Methods based on the ionization of 
a gas have been worked out to measure a pressure of 
the order of one-billionth of a millimeter of mercury. 
Knowing the mass, dimensions, and shape of the 
satellite, it will be possible to calculate the value of 
drag experienced by a satellite in its motion and, 
finally, to determine the density of the air from 
these data. 


Sodium weather torecasting 


Artificial satellites soon will be useful for meteoro- 
logical observations and weather forecasting. Period- 
ically a satellite could eject sodium vapor, which 
becomes strongly luminescent in the rays of the sun. 
From the degree of dispersion of the sodium train it 
will be possible to judge the temperature of the 
upper layers of the atmosphere, while the change in 
the shape of the sodium “‘cloud”’ will serve as a basis 
for determining wind velocity at a given altitude. 
The satellite makes it possible to track the spread 
and movement of clouds, to define the boundaries of 
warm and cold air masses, and to measure the spread 
of storms. 

The hypotheses that atmospheric oxygen results 
from the decomposition of water vapor under the 
action of solar rays into its constituent chemical 
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elements (with hydrogen flying off into space and 
oxygen remaining on earth) can be tested. It is 
possible to study ionization of the atmosphere at 
various altitudes and forecast conditions of radio 
communications. 

Micrometeorites seem to affect the state of the 
ionosphere and thereby also the propagation of radio 
waves. Artificial satellites already have begun to 
establish the distribution of micrometeorites and 
also the variation of their impulses and electrical 
charges with geographic latitude. An artificial satel- 
lite may be made completely airtight and filled with 
gas under pressure before launching. A drop in gas 
pressure will mean a puncture of the satellite skin 
by a micrometeorite. The curve in pressure as a 
function of time will indicate indirectly its size and 
velocity. 


Woritd-wide radio, TV 


Satellites will play a direct role in radio and tele- 
vision transmission. Because of the complexity of 
the instrumentation and the need for strong sources 
of electrical power, such use is not envisaged for the 
immediate future. But a stationary spherical satellite 
for relaying ultrashort waves would be 1,000 feet in 
diameter. Three such relay stations would be suffi- 
cient to maintain communications over 90°, of the 
earth’s surface. 

From earth's surface we cannot solve the problem 
of whether our planet, together with its atmosphere, 
is electrically charged or neutral. This can be eluci- 
dated only on an artificial satellite flying beyond the 
boundaries of the atmospheric envelope of our planet. 
At the same time it will be possible to measure the 
earth's radiation. 


Artificial satellites also can be used for studying 
“eosmic dust’ of interplanetary space that is pro- 
duced in the collision of meteors with small planets. 
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This dust, which seatters the sunlight, is composed 
of particles larger in size than those of interstellar 
dust or “‘cosmic smoke.”’ 

Meteoric bodies of known shape and composition 
can be ejected from a satellite, thus yielding abun- 
dant data on the nature of natural meteorites and 
of the conditions of retardation of spaceships by the 
atmosphere. We will know not only the velocity of 
entry of the meteor body into the atmosphere but 
also its path from the instant of launching. Meteor- 
ites will be visible from an artificial satellite, not 
against the background of the sky, but against the 
background of the earth, submerged in the darkness 
of night. 

As soon as an orbital rocket is flying beyond the 
boundaries of the sensible atmosphere, that is, one 
or two minutes after take-off —the celestial vault 
will lose its usual blue color and will become black. 
Absolute darkness never occurs on earth since sun- 
light is scattered by some degree throughout the 
atmosphere. 

The appearance of the sky will differ completely 
from its appearance seen from the ground. To our 
eyes, most of the southern celestial vault is invisible, 
just as the northern celestial vault is invisible to 
inhabitants of the southern hemisphere. The entire 
celestial sphere will be visible during the course of a 
local “‘day” (that is, during one revolution around 
the earth) at the altitude of an artificial satellite and 
there will be no atmosphere to distort observations. 
The untwinkling stars will be distinctly visible. 

Under such conditions, photographs of the planets 
and their satellites can be taken at any desired mag- 
nification, while in earth observatories even an 11-X 
magnification causes trouble because of the optical 
“vorticity” caused by the atmosphere. Moreover, 
the astronomical optical observations on an artificial 
satellite will not depend on caprices of weather. 





A Soviet Paiomar in space? 

Instead of constructing a giant new observatory 
on the earth (like the observatory on Mt. Palomar 
in the United States) it would be better to make use 
of an artificial satellite for this purpose. It would be 
cheaper to construct and would yield more important 
discoveries. Television transmitters would permit 
ground observers to view the sky seen by outer-space 
telescopes. 

The opportunities for astronomy in radiations out- 
side of the visible spectrum will be expanded greatly. 
These waves will be detected before they penetrate 
into the atmosphere. While the visible light of the 
sun is almost constant, its ultraviolet light fluctuates 
over a wide range; from this’ point of view the sun 
resembles a variable star. The difference between the 
spectra of the solar radiation at the earth’s surface 
and beyond the exosphere indicates the spectra ab- 
sorbed by the earth’s atmosphere. A continuous de- 
termination of solar and earth radiations will permit 
a periodic establishment of a radiation balance for 
our planet. The relation between solar activity and 
the ionization of the atmosphere also can be deter- 
mined. 

The artificial satellite also is useful for studying 
cosmic rays in space beyond the atmosphere (for 
example, their content of atomic nuclei of lithium, 
beryllium, boron, etc.). Data on cosmic rays trans- 
mitted from the second Soviet artificial satellite dis- 
tinctly showed the dependence of the number of 
particles of cosmic radiation on the geomagnetic 
latitude (the latitude with reference to the magnetic 
poles). American satellites have discovered two 
doughnut-shaped bands of trapped cosmic particles. 

Tables of the positions of artificial satellites may 
find uses in navigation. Variations in the distance of 
a radio receiver from a satellite would vary the 
frequency and intensity of radio signals received. 


One method for determining coordinates of ships 
and aircraft uses three polar satellites revolving at 
low altitudes in planes mutually intersecting at 60° 
angles. A pound of strontium-90 and any yttrium 
isotope is sufficient to supply power to the radio for 
20 years. 


Clves to relativity 


Artificial satellites will permit an experimental 
verification of the general theory of relativity. Ac- 
cording to this theory, a gravitational field slows or 
accelerates photons, depending on whether the at- 
tracting body emits light or, conversely, is exposed 
to light directed toward it. As a result, the frequency 
of the electromagnetic oscillations (that is, of light 
rays or radio waves) will decrease or increase respec- 
tively. 

Thus, if a light ray sent out from a satellite is 
passed through a prism on earth, a shift of lines 
toward violet should be detected in the resultant 
spectrum. However, if such a ray were sent from 
earth to the satellite, a shift of spectrum lines toward 
the red would be expected on the satellite. 

Also, according to relativity, a clock on an artificial 
satellite should run slower, as the velocity of the 
satellite increases. This can be checked by means of 
a so-called atomic clock. 

Research workers on board an artificial satellite 
will have available extreme vacuum and low temper- 
ature conditions for work on superconductivity, ete. 
It is possible that under the conditions of weightless- 
ness, crystals will grow more rapidly and even change 
their structure; in this manner, the range of available 
piezoelectric crystals will be augmented. 

Therapy on an artificial satellite under conditions 
of weightlessness possibly might be indicated for 
certain heart diseases, to ease the blood pump’s 
struggle against gravity. On an artificial satellite it 


INDUSTRIAL RESEARCH—Nov-oEC, 19599 49 





will be possible to verify the hypothesis expressed 
by Tsiolkovskii that plants and organisms, from 
the simplest to the most complex, will grow and 
develop far more rapidly under conditions of weight- 
lessness than in the presence of gravity. 

Satellites tor war 


Questions related to the use of artificial satellites 
attract the attention of politicians as well as scien- 
tists. An artificial satellite of minimum dimensions 
would be invisible both by day and night. It could 
be utilized for military inspection of enemy territory, 
preparatory work for testing atomic weapons, de- 
ployment of an enemy navy, construction of indus- 
trial plants, ete. Even the take-off of an aircraft 
from an aircraft carrier could be detected. 

From an artificial satellite, bombing could be con- 
ducted with matchless accuracy. The guided missile 
designed for bombing would be ejected by the aid of 
a rocket engine. The instant of ejection would be 
calculated so that when a missile reaches its perigee, 
the bomb target would be in the optical or radar 
sights. 

Thereafter, visibility not only of the target but 
also of the missile from the satellite would improve. 
The satellite, moving through practically airless 
space, would rapidly overtake and overfly the missile, 
which would be subject to air resistance. 

The missile thus could be guided with an accuracy 
impossible for ground control. Such a satellite, how- 
ever, is very difficult to build and easy to shoot 
down. Its high velocity and the insufficiency of fire 
of an anti-aircraft rocket do not make it invulner- 
able. A missile of shrapnel type—launched into 
the satellite’s orbit to meet it head-on—could destroy 
it. 

From the viewpoint of astronautics, the use of 
artificial satellites will be of greatest significance. 
The influence of weightlessness on physiological and 
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psychic processes could be studied on such a satellite, 
as well as the action of cosmic, solar, and other 
radiations on living organisms not protected by 
earth’s atmosphere. 


Such experiments actually were staged on the 
second Soviet artificial satellite. The fact that a 
living organism was able to function for several days 
under conditions of weightlessness allows us hope 
that man also will be able to survive a space journey. 

There is no velocity that the human organism 
could not endure, provided that it is not accompanied 
by excessive acceleration. In fact, does the earth’s 
rotation about its axis disturb us even to the slightest 
extent? On the equator, the peripheral velocity of 
objects on the earth’s surface reaches 1,000 miles per 
hour. Does the earth’s motion around the sun at a 
velocity of more than 60,000 mph disquiet us? Do 
we, finally, notice at all the motion of our entire 
solar system in cosmic space, at the velocity of 
43,000 mph? 

To reach Venus and Mars, our nearest planetary 
neighbors, a spaceship—as did the Soviet moon 
rocket—-has to develop a take-off velocity of seven 
miles per second, more than 13 times the speed of 
sound. To facilitate interplanetary travel, Tsiolkov- 
skii proposed utilizing an artificial earth satellite as 


Soviet experiments with animals 

have advanced the hope that man 

also can survive a space trip. 

Two pioneer space travelers— 

the dog Daring and the rabbit Snowflake— 
were passengers on the USSR’s 

one-stage geophysical ballistic rocket. 





Satellite stations one day 

even may be assembled in space. 

Completed station (lower right) 

contains hydroponic gardens on its sun-exposed rim, 
solar batteries mounted on bracing wires, 

and a shaded observatory atop its vertical azle. 
A ferry ship carries prefab parts 

for the ferry “dock” at the lower azle. 

The final stage of a ferry rocket 

leaves its multi-cluster booster (upper left). 
Such a station would have 

its own seasons and day length. 

In take-offs from the satellite, 

astronauts could stand and move freely, 
because only low-power thrusts are necessary. 


a peculiar kind of transfer station, thereby dividing 
a space journey into stages. Here the cosmonauts 
could supply themselves with everything necessary 
for continuing and completing their space journey: 
fuel, equipment, provisions, etc. 

A spaceship, as well as various cargo necessary for 
reaching the ultimate objective, first may be de- 
livered to such a station in separate parts. This will 
facilitate the spaceship’s design, since for take-off 
from the platform, the ship will need a considerably 
smaller fuel supply than for take-off from the earth. 


A major advantage of such an intermediate station 
is its mobility. A rocket capable of rising from earth 
to an altitude of 620 miles could reach Venus or 
Mars—if it started out from an interplanetary sta- 
tion. Thus, to take off from a satellite for these 
planets, a rocket will have to develop a velocity of 
only two miles per second, instead of the seven mps 
from the ground, since the station itself already has 
a velocity of five mps. A rocket that can achieve 
slightly more than five and a half mps on dispatch 
from the satillite could leave our solar system entirely. 

In some versions of spaceship design, the inter- 
planetary station also can be used for the return 
trip. Here the crew would transfer to a space glider, 
on which it then would land on earth. 

The unavoidable heating of a flying device in mo- 
tion at very high speeds through the air, however, 
will lead necessarily to hazards. The example of 
“shooting stars,’”’ which become heated to incandes- 
cence on penetration into the atmosphere, shows 
that the landing of a device with an artificial satellite 
on earth is a complex problem. 

Low-flying satellites with circular orbits are more 
advantageous for manned flights to the moon and 
planets than satellites moving at greater altitudes. 
In the former case a smaller total velocity is neces- 


sary for flight from earth to the satellite and for 
proceeding, from the satellite, on the farther space 
trip. 

On take-off from an artificial satellite, physical 
conditions on board the spaceship will be completely 
different from what they were during a take-off from 
the earth’s surface. For example, the astronauts will 
be able to stand and move around freely without 
effort. Their weight, due exclusively to the thrust of 
the low-power rocket engines, will be insignificant. 

The satellite will have its own seasons, due (as on 
earth) to variation in length of day and night. How- 
ever, on earth changes in the length of day and night 
during the course of a year are caused by the inclin- 
ation of earth’s axis to the ecliptic. On an artificial 
satellite they are caused by the varying duration of 
time spent by the satellite in earth’s shadow. The 
longer a satellite remains in the shadow, the lower 
is its mean temperature. Nominal winter on the 
satellite is the period of longest nights, and summer 
the period of longest days. On satellites that rotate 
rapidly about their axis, a practically constant tem- 
perature might be established on the entire satellite. 

We now present a concrete project for the utiliza- 
tion of an artificial satellite as an interplanetary 
station. 


Von Braun's spaceship 


According to a combination project proposed by 
Wernher von Braun in the U.S., an artificial satellite 
moving at an altitude of 1,150 miles would be used 
as a station point for two ships with a crew of 12 to 
be dispatched to Mars. One of them would be an 
automatically guided cargo rocket which will not 
return to earth. Each ship has an initial weight of 
1,700 tons, of which 1,246 tons are to be fuel, and is 
equipped with 12 rocket engines, each with a thrust 
of 30 tons. 
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After 260 days, the ships, entering the gravitational 
field of Mars, retard their motion by the aid of 
rocket engines and become artificial satellites of the 
red planet. From one ship, nine astronauts leave for 
the surface of the planet by means of a glider, while 
three remain on the satellite base. 

After two years, 239 days, from the time of take- 
off from earth, the expedition returns to our planet, 
after first making a stopover at the interplanetary 
station. The landing is accomplished on space gliders. 
The return to earth, like the flight to Mars, is ac- 
complished on a semielliptical trajectory, but lasts 
only 260 days. 

To prepare for this expedition to Mars, it would 
be necessary first to ferry, from the earth’s surface 
to the satellite, 3,720 tons of payload, using 400 
orbital supply rockets. 

Unrealistic projects are also being advanced, along- 
side such serious ones for using satellites as the above 
example. It has been proposed, for instance, that 
immense mirrors be set up near artificial satellites 
to reflect solar rays to earth. This type of reflector, 
it is claimed, could heat large areas of the globe, 
melt the ice, and change the climate of the Arctic 
and Antarctic. 

For the construction of such “‘space mirrors’’ entire 
rolling mills would have to be carried aloft! Sodium 
billets brought to outer space would have to be rolled 
to a thickness of one five-hundredths of a milli- 
meter(!) and coated on the shadow side with a suit- 
able composition, in order to maintain the mirror 
temperature at a level to preserve sufficient elasticity 
and mechanical strength. By means of hinge systems, 
the mirror would be assembled on an immense base 
of sodium wire. 

Components of the mirror would be oriented re- 
motely by means of electric power. In this case, each 
hectare of structure, together with the reinforcement 
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and observation chamber, would have to weigh per 
unit area about one-fifth that of writing paper! Solar- 
power engineering has not made much progress in 
using mirrors even hundreds of times heavier on the 
earth, where the structures are not menaced by 
meteors and meteoric dust. 

A still more absurd idea is that space mirrors 
reflecting back the sun’s rays might serve to shield 
the tropics. The idea of using space mirrors to light 
large cities might be more realistic, since the surface 
of the mirror, at least, could be millions of times 
smaller. 


The moon as @4 station 


In the literature on astronautics, assertions are 
made that the moon can be utilized as an inter- 
planetary station. Actually, it is unsuitable for this 
purpose. It is too far from the earth’s surface and 
its gravity is too high. A rather large amount of fuel 
would have to be expended during the descent to its 
surface and then for take-off. A second natural satel- 
lite of the earth, even if it were exceedingly small, 
still would be an important step toward penetration 
of man into cosmic space. The discovery of such a 
satellite would facilitate considerably the solution of 
the problem of manned flight to the moon and 
planets, and would make the construction of an 
artificial satellite necessary. 

Mankind now has entered the era of interplanetary 
flight. 

Laws of nature favor the development of astro- 
nautics. In aviation, new altitude records demand 
increasingly greater efforts and are confined to the 
atmosphere’s boundaries. In astronautics, the ceiling 
limited by nothing, and equal successive increments 
of velocity will lift rockets to ever increasing heights. 
For this reason, the dispatch of automatic rockets to 
the nearest planets is possible even in our own days. 
We already have seen their dispatch to the moon. s 
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ike many squeamish Americans, I enjoy a gory 
{ mystery novel hugely, but I would be shocked 

and disgusted to find a corpse in my living room. 
Even more then whodunits, I like science fiction, 
and few stories are too fantastic to entertain me. 
I thrill to the thought of cutting down an Eddorian! 
with a Delammeter?. I accept a Bergenholm® or a 
space warp‘ as a convenient means of interstellar 
travel. But, like other canny fiction fans, I don’t 
confuse these things with the world around me, any 
more than I think of Mike Hammer or Santa Claus 
as real. 

Today, I am shocked by space talk. 

When corny and long-disproven fallacies of space 
travel appear and reappear in seemingly respectable 
newspapers and journals, no one so much as lifts an 
eyebrow. Indeed, the way to fame appears to be the 
propagation of the big error, and a fantastic story 
suffers only from the competition of one still more 
fantastic. 

Today, a great deal is known about our physical 
world which is as true in space as it is here on the 
surface of the earth where it was learned. For many 
years astronomers have known the laws which govern 
the motions of planets and satellites. There have 
been many experimental verifications of the behavior 
predicted by special relativity. The laws of the prop- 
agation of radio waves are known. The power of 
chemical fuels is known. From newspaper reports of 
the failures and successes of missile and satellite 
shots we know a good deal about the present state 
of the technical art. 

What do these sources of real knowledge tell us 
about the present and future of the exploration and 
exploitation of space? 

They tell us most emphatically that a great deal 
of what people say with a straight face is the sheerest 
fantasy. Take travel with velocities approaching 
that of light, for instance, which involves the much 
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discussed “twin paradox.” 

Special relativity tells us that a clock whizzing 
past an observer will appear to him to run slower. 
Years ago, Ives verified that molecules moving at 
high speeds radiate lower frequency, redder light 
than they would if they were stationary; this shows 
that they vibrate more slowly when traveling fast. 

Mesons going with almost the speed of light last 
longer than slower mesons do; time passes slowly 
for them, and they take longer to disintegrate. We 
can take it as an experimentally verified fact that 
clocks appear to run more slowly on swiftly moving 
objects. 


The tantasy of the ‘twin paradox’ 


One might think that this would lead to a paradox: 
I say that you are moving past me, and that your 
clock runs slow. You say that J am moving past you, 
and that my clock runs slow. 

However, in order to come back and compare 
clocks a space traveler must turn around, both with 
respect to the earth whence he departed, and with 
respect to the light and radio signals that are travel- 
ing toward him from earth. Because of this turning 
around, the space traveler’s experience is just plain 
different from that of the stay-at-home on earth. 

You may utter many different sorts of words con- 
cerning this, but all that are consistent with relativity 
describe the same fact. Thus, when careful calcula- 
tions are made concerning a journey into space and 
back again, no paradox appears, and the unusual 
conclusion is as follows: 

Suppose one twin stays on earth and another sets off 
at 99.5% of the speed of light on a journey to the stars 
and back. Suppose the earth-twin ages ten years before 
the star-twin returns. When the star-twin gets back he 
has aged only one year though his brother has aged ten. 

The first point to make is that relativity assures 








us that each twin has experienced the usual physical 
laws and a normal environment in every way. I once 
heard a rumor that a doctor wanted to study the 
effect of relativistic shrinking on organisms, but I 
hate to believe that any scientist could be informed 
so poorly. 

The second point to be made is that we can’t 
expect in any foreseeable future to attain anything 
close to the velocity of light. We have all heard that 
a mass m is equivalent to an energy mc?. When 
uranium-235 is fissioned a thousandth of its mass is 
turned into energy. 


Imagine, now, that we could turn every bit of some 
sort of hypothetical space-ship fuel into energy 
(what an explosion!). The weight of fuel needed to 
attain 99.5% of the speed of light would have to 
constitute 95% of the initial weight of the space 
ship—and this just to get started. To stop would 
use up 95% of our remaining 5%. 

Counting also starting back and stopping again 
on earth, our space ship would have to be 99.999375% 
fuel at the beginning of the trip, and we would have 
to turn this fuel into energy 1,000 times as well as is 
possible in a fission bomb. 

In the first place, we can’t do this and the pros- 
pects are dim. In the second place, would a passenger 
be likely to survive? 

What is the truth about relativistic time dilatation, 
or slow-running of fast-moving clocks? At satellite 
speeds we may in the near future hope to observe 
the effect by using an atomic clock which makes an 
error of perhaps one second in a thousand years. 
Moreover, with such a clock you also could observe 
an effect predicted by general relativity, but not yet 
clearly verified: that a clock lifted up against the 
force of gravity would run faster. This same effect 
would cause a red shift in light from the sun or from 
other stars. 


At attainable space speeds, such time effects are 
barely detectable, not practically important. And 
the attaining of speeds at which such effects might 
become important belongs to the realm of fantasy, 
not of science and technology. Here I might observe 
that the newspapers recently expressed concern 
about micrometeorite impacts at near-light speeds. 
This is like Bluebeard worrying that he may not be 
able to endure the ennui of heaven. 


Anti-antigravity 


If nothing else did, the nonsense written about 
relativity might make a casual reader suspect some 
other things which are said in connection with space. 
Antigravity, for instance. 

Respectable physicists are seriously concerned 
about gravity. They wonder, for instance, whether 
inertial and gravitational mass are exactly the same 
(no experiment has shown any difference), and they 
propose experiments at the very limit of observation. 

If a very brilliant physicist of recognized com- 
petence wants to work on gravity he will, and if he 
needs money he should have it. To give money to 
less than the most brilliant for gravity research, and 
to expect results, makes me think of the man who 
took a running jump off a Chicago pier. He assured 
the rescuing policeman that he hadn’t meant to 
commit suicide. Someone had bet him a million 
dollars to one that he couldn’t jump across Lake 
Michigan, and of course he couldn’t afford not to try. 

Among the more modest fantasies, that which 
makes my blood boil and steam issue from my ears 
is the maneuverable manned space vehicle for mili- 
tary purpose. 

Of course we must have sensible research on how 
to make and control faster and faster and higher 
and higher planes and even planes that get above 
anything but the most tenuous and vacuum-like part 


An ionic-propelled spaceship, envisioned by Lockheed scientists, 

converts nuclear power directly to electrical energy. 

After vehicle is boosted into space by a large chemical rocket, 

reactor heat “boils” electrons and transmits electricity through the cable. 
The mile-long cable separates craft from reactor, 

as protection against radiation. 
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Definitely of “dream-world” category for some time 
are the proposed manned space station (below) 
and moon colonization (right). 


The space station idea is supposed to be part of a network 


in permanent equatorial orbit. 


The moon-explorer surface vehicle in drawing to the right 


is a gyro-stabilized unicycle of inflated fabric parts. 
Its “umbrella” top contains solar-actuated batteries. 





ILLUSTRATIONS BY FRANK TINSLEY 


of our atmosphere. I’m for research on space vehicles 
too, but let’s not pretend that this has anything to 
do with defense. 

It isn’t that I don’t thrill to the thought of Flash 
Gordon pulling back on the stick and zooming away 
from the Perelandrian space pirates; it’s just that I 
know that such goings on are appropriate only in 
comic strips (they were ruled out of most science 
fiction years ago). 

Why not maneuver in spaceT 

Modern aircraft travel so fast that an unaided 

pilot could scarcely detect, let alone shoot down, an 


enemy aircraft without the most sophisticated elec- 
tronic aids. 















Speeds will be much greater in space. Maneuver- 
ability will be less, because one can’t turn by pushing 
against the air (there isn’t any). Fuel will be in 
short supply, so that it is only by using the most 
ultra-advanced guidance that one can get a payload 
to the desired point in space, and hopefully, in the 
not too distant future, to get it back again. All we 
need to louse things up completely is a skilled space 
pilot with his hands itching for the controls. 

Of course, maneuverable space vehicles of a sort 
are in the building. These are anti-missile missles, 
which are shot at other missiles and maneuvered 
toward them by means of radars and computers on 
the ground. The problem is very difficult but perhaps 
not insurmountable; the cost is great and may be 
prohibitive, but the stakes are tremendous. 

What about nuclear energy for space flight? 

It has possibilities for interplanetary ships, if the 
nuclear vehicle is first boosted up out of the atmos- 
phere by chemical rockets. In this case an atomic 
pile would be used to produce electricity and the 
electricity would be used to eject ions at high speed 
and so to push the vehicle gently forward over a 
long period of time. Solar power and solar sailing 
(propulsion by light pressure on huge metal foil or 
metallized plastic sails) are strong competitors for 
interplanetary travel. All of this lies far in the future. 

How far in the future? It is impossible to predict 
times when the technicai problems are not even 
understood let alone solved. Such prognostications 
are the source of the chronically slipping schedules 
which have been the most prominent feature of our 
military space program. Or is the most prominent 
feature the cheerful acceptance of failure that could 
have been foreseen? In any case, however far in the 
future interplanetary travel by ion rockets or solar 
sailing may lie, they have no important military 
potentialities. 





For every pound of man we put rn orbit with chemical rocke ts, 
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Chemical missiles are the ultimate 

Militarily, earth-launched ballistic missiles are not 
only the nearest but are even ultimately the best 
weapons, and chemical fuels are adequate for them. 
To launch a rocket from the earth calls for an intense 
if brief push, which present chemical fuels can attain. 
Atomic propulsion is a hazardous and somewhat 
dubious alternative which at best could compete 
only in the rather remote future. 

It is easy to arrive at the conclusion that the 
fantasy and folly of space are limitless, ,but the 
space provided on these pages is not. Something 
should be said about the importance of space. 

Certainly, intercontinental ballistic missiles rank 
first in importance. From a military point of view, 
who wouldn’t give away all the rest of space if only 
he could have twice as many highly reliable inter- 
continental missles as any potential enemy? 

At present, some but not all intermediate range 
missles appear to be in fair shape. Good guidance is 
available for them and for intercontinental missles 
as well. Bad guidance exists too, and by a sort of 
Gresham’s law of space tends to displace the good, 
just as bad money displaces good money. As for 
intercontinental missiles themselves, there is much 
talk about missiles for the day after tomorrow, which 
we certainly won’t have for many years, and a 
shocking failure rate in tests of what we hope are 
the missiles of today and tomorrow, the days which 
make me, at least, shudder. 

This is alarming from the point of view of defense. 
It is discouraging from the viewpoint of many other 
military and non-military uses of space. Right now, 
the reliable (by contrast only) missiles available for 
satellite launchings can put up only very limited 
payloads, and allow in most cases only primitive and 
rather unsatisfactory guidance. Many useful pay- 
loads and the full exploitation of the very accurate 


hy Lwes Ma quart - of a million and a million pounds 
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guidance which is available call for highly reliable 
boosters of at least intercontinental missile size. 


What we can hope to see under present circum- 
stances is a continuing increase of our scientific 
knowledge through satellite and simple space probe 
experiments and, in the fairly near future, some 
simple forms of satellite communications. We also 
will see a lot of elaborate failures and a senseless 
peopling of space with mice, monkeys, molds, and 
axolotls. 

When we have big and reliable rockets, and when 
a lot of time and money have been spent in develop- 
ing positioning and orientation gear of assured relia- 
bility and life, highly useful satellite communication 
systems of some sophistication will become possible. 
Whether economically or not, these could provide 
high quality telephone service to all parts of the 
world, and television as well. If things go as they 
have, such useful systems will be preceded and de- 
layed by the slipping of unrealistic schedules and by 
senseless ventures with equipment of dubious relia- 
bility. 

A step beyond such advances lie effective recon- 
naissance and weather observation satellites. A step 
further lie lunar and planetary probes capable of 
transmitting detailed pictures back to earth. 

The course of man in space also depends on the 
development of highly reliable big rockets. I can’t 
believe that we'll shoot men up until we are virtually 
certain that there will be no failure—that is, until 
the reliability is much higher than the abort rate of 
military aircraft in World War II, for instance. 
And, we are far, far from even that degree of relia- 
bility. Once given reliability of large rockets and of 
electronic equipment, men may brave the radiation 
and micrometeorites of space, with what results we 
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cannot yet hope to foresee. Some of the prognostica- 
tions about micrometeorites are rather gloomy. 

But all of this lies in a future to which we cannot 
attach a date, a future in which we have diligently 
accomplished that which we have neither done, nor, 
in many cases, (some aspects of reliability, for in- 
stance) set out to do. Happily, the National Aero- 
nautics and Space Administration has inherited a 
great skill from its predecessor and kernel, the Na- 
tional Advisory Committee for Aeronautics. The 
NASA understands how to carry out and contract 
for advanced research and experimentation. Further, 
NASA has been speaking and behaving about as 
sensibly as the Congress and the public will let it. 

Since the military aspects of space are the more 
urgent today, a check list is provided below, in 
which importance or sense is indicated in descending 
order from top to bottom. Items below the heavy 
rule range from marginal to crazy. 


1. intercontinentai ballistic missiles 


A must. Existence and reliability are the first criteria. 
A more refined missile may be nice but it won't kill 
an enemy any deader. Protection of launching sites 
from enemy attack is a strong third, but most of all we 
need operable missiles. 


2. Satellite co icati 





Simple forms of satellite communication might solve 
some important military communication problems in 
the near future. Elaborate systems which will not be 
useful at an early date could cause no end of waste and 
trouble. 


3. Anti-missiie missiies 


To try is a must, but effectiveness is still uncertain 
and cost is great. 
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4." aiss satellites 


These are definitely submarginal because they will 
not really be technically feasible until many vehicle and 
reliability problems have been solved (when will that be 
at the present rate?). In the meantime a fraction of the 
cost of a reconnaissance satellite could accomplish 
wonders in conventional information gathering. 





5. Maneuverablie manned space vehicies 

An interesting and inevitable idea with no military 
value, except perhaps for reconaissance in the far 
future. 
6. Space pilatiorm or stations 


Little military value, but will probably come to be, 
no one knows when. 


7. Base on the moon 


It’s much cheaper and easier to hit an enemy with a 
ballistic missile launched from the earth. Such a base 
would have no use as a telephonic communication relay 
site; the moon is visible only half the time, and the 
transmission time (ten seconds, round trip, before you 
can get an answer to a question) is too long. 

8. Black magic 

This is more promising than the two items listed 
below and would be so much more fun. 
9. Antigravity 

Strictly for the birds. 


10. Velocity approaching the velocity of light 


A fantasy strictly for immature science fiction. 


Reader, for whom does the cash register ring? It 
rings for you; the money that is squandered on space 
is yours. Worse, every dollar foolishly spent ties up 
the time of someone who might be making a con- 
tribution to national defense. * 





TO ENGINEERS 


concerned with inner space 


When there’s no space to spare in your 
design, consider AE Class § relays. A basic 
Class S measures only 1746” x 1°s” x "46" and 
weighs only 2 ounces. 

Or, if you need a stepping switch, we have 
one no larger than a pack of king-size 
cigarettes. 

Relay or switch, they’re as uncompromising 
in quality and ability as their larger brothers. 
As an example: the Class S miniature has 
many of the features of the premium-quality 
Class B-including sure-footed independent 
twin contacts. 

There’s another way we can help on the space 
problem. AE engineers have had years of 
experience in devising simplified circuits 








with complex capabilities for automatic tele- 
phone exchanges. Could be we could show you 
how to save a relay or two in your design. 
No harm in asking. 

Or, if you'd like to put the switching end of 
the operation in our hands, we're equipped 
to supply completely wired and assembled, 
custom-built control units or help you develop 
systems to handle anything from sequential 
programming to... you name it. 


Want to get together? Just write the 
Director, Control Equipment Sales, Auto- 
matic Electric, Northlake, Illinois. If you'd 
like literature ask for our Circular 1702-E: 
Relays for Industry, and the new 32-page 
booklet on Basic Circuits. 


AUTOMATIC ELECTRIC 


Subsidiary of GENERAL 
GENERAL TELEPHONE & ELECTRONICS \6@® 
System 


For additional information, circle No. 23 on the Readers’ Service Card. 
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is larger than k». In this case the shift is 
toward less basic research and more ap- 
plied research. If ki were gyeater than 
ks, the shift would be in the opposite 
direction. 

If the A. D. Little surveys are correct 
—that the actual ratio of k to k: is 
about 2—then the optimum fraction of 
basic research in a large program to 
develop a field should be in the neigh- 
borhood of 30%—a much larger effort 
in basic research than is now the case. 


People and money 


a While the model may help research 
management determine a healthy bal- 


research on research ance between basic and applied research, 


(continued from page 7) the fact remains that our basic research 
RFR, potential is limited not by funds but by 
competent people. Some interesting 
facts uncovered by the Little research 
indicate: 

ws The people who perform basic re- 
search in this country have several 
characteristics in common—they possess 
intellectual insatiability ; almost all have 
doctorate degrees; and they’re exceed- 
ingly rare in number. 

s Of the 2% of college graduates who 
get a doctor’s degree in science, only 
about one in five combines the creative 
skill and motivation to remain in basic 
research. 

gs Only half of these have outstanding 
talents for the work as indicated by the 
fact that they produce some 80% of 
resulting scientific papers. 

2 The U.S. today has only about 
27,000 basic research scientists, of whom 
about 15,000 are particularly active. 

w Dollars for basic research come 
somewhat more from industry than 
from government. But the basic work 
is performed primarily by educational 
institutions, with industry a close second 
and government a poor third. (The 
Navy, incidentally, has one-quarter of 
the R&D budget of the Department of 
Defense, yet accounts for some two- 
thirds of the basic research activities 
performed in government labs.) 

ws As for where applied research and 
development is performed, industry ac- 
counts for an overwhelming 72% com- 
pared to 18% in government labora- 
tories, or 814% in educational or non- 
profit institutions. The money for this 
applied work comes almost entirely from 
government (52%) and industry (44%). 

For a comparision of practices in 
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government (specifically the Navy) with 
those in industry, the research research- 
ers studied 10-year trends in 33 leading 
corporations, representing the source of 
almost one-fifth of the nation’s and half 
of industry’s total basic research funds. 

It was discovered that, while the 
Navy compared favorably with industry 
in 1947 when it devoted 10% of its 
R&D budget to basic research, industry 
since has outstripped the Navy in em- 
phasis on basic research. 

This has come about largely as a re- 
sult of the growing realization by in- 
dustrial management of the importance 
of communicating with that portion of 
science which creates the knowledge 
resulting in major technological ad- 
vances. Put in another way, applied re- 
search and development tend to proceed 
more rapidly, and at lower cost, when 
adequately backed by basic research. 

The Navy operates today in a fiercely 
competitive field having a high tech- 
nological obsolescence rate. Some 80- 
100% of ships, aircraft, and missiles 
scheduled for purchase in 1959 were of 
types not in existence in 1955. 

Thus, for more meaningful basic re- 
search guidelines, the Navy should be 
compared with corporations in high 
technological obsolescence rate indus- 
tries. Two of the most successful cor- 
porations in chemical, petroleum, com- 
munications-electronic, pharmaceutical, 
and materials were studied. 

These 10 firms had a minimum of 10% 
and a maximum of 20% of their R&D 
budget allocated to basic research. The 
average was about 16%, or more than 
double the present Navy figures of 6 to 
8%. 

Of course the armed services cannot 
be compared directly with industry. 
3eing second best in national defense 
today represents a risk far greater than 
faced by any corporation. While the 
consequences of turning research off and 
on-—with disruptive effects on program 
and organization—are harmful in in- 
dustry, they are drastic in the military. 


The U.S. competitor 


One principle held in industry is that 
a firm should never do less basic re- 
search than its strongest competitor. 
When applying this concept to the U.S. 
government, the competitor is the 
USSR. 

Soviet political leaders are credited 


by a number of investigators with a 
greater knowledge of science than ours, 
and a greater appreciation of its role in 
furthering the progress of a nation. 
This disparity is not confined to govern- 
ment circles; indeed, the percentage of 
ministerial-rank persons having a scien- 
tific or technical education is higher 
than that found at the management 
level of most top corporations in the 
United States. 

In fact, the USSR appears to be the 
first nation to appreciate fully the im- 
portance of science. This is evident in 
many areas such as the vast effort in 
technical education, the high percentage 
of gross national product expended on 
R&D, the important stature accorded 
scientists in the Soviet society, and the 
large program to collect, translate, and 
disseminate scientific publications. 

Back of the recent Soviet technologic- 
al successes is a program of basic re- 
search staffed by approximately the 
same number of scientists as that of 
the United States. Whenever such a 
situation occurs, the nation which 
places more emphasis on a particular 
field of science will tend to lead in that 
field. 

While overall comparisons have many 
shortcomings, it appears that currently 
the United States leads the USSR in 
most areas of physics, mathematics, 
medicine, and chemistry; is on a par in 
aviation and space medicine, metallur- 
gy, combustion, theoretical physics, 
meteorology, and oceanography; and is 
behind in physical chemistry and many 
areas of geophysics, says A. D. Little. 

The important problem, however, is 
the future. Currently the Soviet is train- 
ing persons capable of performing basic 
research in science at a rate approxi- 
mately 50° greater than the United 
States, while essentially keeping abreast 
of the U.S. in granting doctorate degrees 
in other fields. Thus, the Soviet potential 
is increasing relative to ours at an 
alarming rate. . 
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Research 
Scientists and Engineers 


with MS, PhD or ScD 


The Scientific Research Staff Invites 
SCIENTISTS AND ENGINEERS 
TO INITIATE ORIGINAL RESEARCH 


“The Scientific Research Staff of Republic Aviation Is Engaged 
In Performing Theoretical and Experimental Research In the Physical 
Sciences Vital to The Growth of Aeronautics and Astronautics. Qualified 
Individuals are Offered Generous Support In Carrying Out Investigations 
to Demonstrate the Validity of Ideas Leading To Significant 
Advances in The-State-Of-The-Art.” 


Members of Republic's Scientific Research Staff have been carrying on independent 
investigation in a progressive research environment since the formation of the group 
three years ago. Each individual is encouraged to pursue areas of research in which 


he feels he may make the greatest contributions 


The ability of this environment to aid in bringing theoretical concepts into the 
realm of feasible engineering has been amply demonstrated. An example is the Plasma 
Pinch Engine conceived by members of this staff. Originally backed by Republic 
funds, it is now receiving supplemental support under government contracts. Among 
other research in advanced stages are programs on lifting fans and new methods of 


structural analysis. 


FODAY THE RESEARCH STAFF 
IS BEING AUGMENTED — 

to emphasize existing areas 

and to open new ones 


IF YOU FEEL YOU CAN 

CONTRIBUTE TO THE 

WORK OF THIS GROUP, Supporting Republic's expanding effort in research and cevelop 
ment, a new Research Center, including 7 modern laboratories, 

will be completed this year. One hour from New York City, yet 

your interests with you. situated in the center of Long Island, this laboratory is ideally 

Salaries are high, commensurate located for both working and living 


Republic is ready to discuss 


with talent and creativity. 


Immediate Opportunities Exist for Scientists and Engineers in the Following: 


ELECTRONICS PHYSICS-MECHANICS AERODYNAMICS 

Navigation & Guidance Systems Classical Physics Gas & Fluid Dynamics 

Communications Systems A 1 od M > hz ic a 

Radiation & Propagation aoe ye Thermodynamics & Heat Transfer 
Aero, thermodynamic Phenomena 


(RF, IR, UV) | Hydraulics & Pneumatics 
Solid State & Thermionic Devices Hypersonics 


Information Theory NUCLEAR PHYSICS Plasma Dynamics 


SPACE PHYSICS Nuclear Energy for Power & Propulsion 
Relativity Spec ialized Reactors for MATHEMATICS 


Cosmic Electrodynamics Military Applications Methods of Math Analysis 
Celestial Mechanics Industrial Uses of Radioisotopes 


Radio Astronomy Interaction of Radiation with Matter : 
Atmospheric Physics Applications of Nuclear Explosives Asymptotic Expansion 


Perturbation Procedures 


W rite in confidence directly to Dr. Theodore Theodorsen, 
Director of Scientific Research 


STE PUPssssa AVIATZWan 


Farmingdale, Long Island, New York 











62 INDUSTRIAL RESEARCH NOV-DEC, 1959 





hy Alexander I. Newman, )} 
and Robert J. Dennis, / 





t Hu n Bay ¢ BE) 


63 





worl through the th ck 77 el yuds. under huge, 


y rotating pr peller , I illet-shaped obrect 


ive years ago the description above would have 

been considered fantastic, in the realm of science 

fiction. Today, Venus is within the range of our 
rockets, and indeed, may have been reached by the 
time you read this. The propellered capsule is in fact 
the concept of National Aeronautic and Space Ad- 
ministration scientists. 

To make sure such flights are successful on the 
first expensive try, rocket designers are attempting 
to anticipate and provide for the hostile environ- 
ments of outer space. To keep rocketeers and rockets 
functioning perfectly, as they must during such high 
performance, the designers have to know the reac- 
tions of every organ, every subsystem, every capaci- 
tor, every valve before the rocket ever leaves its 
launching pad. 


Pertormance = subcontracts 


On a more practical level for industry, reliable 
performance under extreme missile environments has 
become a major factor in the awarding of subcon- 
tracts. This means that every part that goes into a 
space vehicle should be subjected on the ground to 
the identical tortures of flight. The alternate is to 
fire test rockets to see what will malfunction. With 
the cost of each Cape Canaveral blast-off averaging 
more than a million dollars, the alternative becomes 
prohibitively expensive. A million dollars will buy a 
lot of environmental testing. And with manned ve- 
hicles, such an alternative is out of the question. 

In recent years, chambers have been developed to 
duplicate and maintain every conceivable kind of 
environment, singly or in combination. Environ- 
mental testing has become a science. 

Environmental science probably began with de- 
velopment of the greenhouse. Here tropical and sub- 
tropical plants could be kept warm in northern cli- 
mates and artificial light supplemented the short 
days of winter. While biology got an early start in 
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Like the automaton 


environmental control, the mass testing of materials 
under simulated conditions did not come until World 
War II. With global warfare a reality, the same 
equipment had to operate in conditions of extreme 
variance. 

It was discovered, for instance, that Allied trucks 
in the North African campaign often broke down 
when grease from their wheel bearings, made thin 
by the addition of desert heat to friction heat, leaked 
through the wheel seals. From tests of various vis- 
cosities and compositions at high temperatures came 
the development of heavy-duty, high-temperature 
lubricants—lubricants that also could withstand the 
rigors of an Arctic campaign. 


Today, controlled environments are used for a 
host of mundane as well as dramatic purposes. Ex- 
amples on the mundane side: 

ws Englander Co. Inc. tests polyurethane foam 
mattresses under high humidity to determine in a 
short time their aging characteristics. 

s Constant temperature-humidity rooms are used 
to evaluate air conditioners by both Underwriters 
Laboratories and Consumer’s Union Inc. 

ws Diodes are tested at 70 F for component match- 
ing in critical electronic circuits built by Hoffman 
Electronics Co. of Evanston, IIl.; 

s Plant growth rooms, in which light, tempera- 
ture, and humidity are controlled, assist in evalua- 
ting fertilizers and in selecting plant strains by the 
Tennessee Valley Authority. 

= Corrugated paper is tested for strength under 
various climatic conditions by Ace Carton Manu- 
facturing Co. 

ws Sewage disposal products are tested by most 
cities with the help of warm, high-oxygen atmosphere 
chambers. 

= Samples of all equipment bought by the U.S. 
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Navy are tested for 50 hours in salt-water sprays to 
imulate the corrosive effects of sea environment. 
»~+«.» and dramatic 


On the dramatic side: 

ws Scale models of ballistic missile nose cones are 
subjected to reentry temperatures of 25000 F through 
the use of souped-up electric ares at General Electric. 


s Nose capsules designed to carry a man are 


dropped into the sea near Langley Field, Va. from 
75-ft. cranes to determine their water landing char- 
acteristics. 

s Tests of the effects of intensive radiation on 
various components 
design of nuclear-powered aircraft, missiles, and rock- 
ets. 

ws Satellite transmitters are tested in grounded 
rooms to ascertain the inherent self-interference of 
components. 

s The probabilities that electronic assemblies will 
ignite explosive fuel and air mixtures are derived 
with the help of explosion chambers. 

a The effects of icing on external missile parts are 
determined with hypersonic wind tunnels that blow 
moist, supercooled air. 

Controlled environments have other uses than 
testing. An example is the revolutionary hydroponic 
feeding of dairy cows. On farms across the U.S., 
conventional pastures have been replaced by soil-less 
“grass factories’”’ each of which grows a half ton of 
juicy forage a day. The grass factory is a shed 10 by 
12 feet in which the controlled temperature, light, 
and humidity produce the optimum environment for 
the growth of grass in fertilized water. 

Other imaginative uses are the “atomic farms” in 
which medicinal plants are grown in carbon "-dioxide 
atmospheres so that radioactive drugs can be ex- 
tracted for use in tracer experiments, the develop- 
ment of a space cabin which recycles human waste 


of all types are helping in the 


Environmental cabinets are used at Labline Inc. 

for humidity aging tests of polyurethane foam rubber, 
“grass factories” in fertilized water, 

or “atomic farms” to grow medicinal plants 

and to extract radioactive drugs for tracer experiments. 


for reuse, and research on algae farms that can 
thrive on human wastes while providing astronauts 
with food and oxygen. 

This brings us back to Venus and the questions, 
‘Just what kind of an environment must a missile part 
live through?’ and ‘‘How do you duplicate it on earth?”’ 


The answers to the first question come from two 
major sources. First are the equipment-bearing rock- 
ets, large and small, that have blasted upward from 
launching sites in Germany, Russia, and the U.S. 
and the scientific satellites shot into orbit around 
our world. The other source is the astronomers who 
through telescopic studies and theory have computed 
the environs of the upper atmosphere, -outer space, 
and on distant planets (more of this later). 

For the answer to the second question, let’s take 
a rocket trip. Let’s see first the various environments 
in which missile components must survive for a 


Outside the explosion chamber 

shown on title page, valves control 
expanding gasses in event of an explosion. 
The chamber, at Inland, 

tests electronic assemblies 

under various fuel-air atmospheres 
encountered in space travel. 
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Hudson Bay Co. president Alerander I. Newman 
has been associated with laboratory work since 1926, 
and his company is one of the pioneers 

in environmental space testing. 

Newman's engineer-executive background 

includes a BS in mechanical engineering 


and graduate study in business management. 
He is a member of the Environmental Equipment Institute, 


American Society of Testing Materials, 


and the Scientific Apparatus Makers Association. 


successful mission. And as we do, let’s see how 
closely these conditions can be duplicated on earth. 
We'll ignore the missile aerodynamics since this 
would have been tested in wind tunnels.) 

When the blockhouse quarterback comes to the 
end of his 5-4-3-2-1 count-down, our space vehicle 
blasts off to the unknown. In an ICBM, this accel- 
eration reaches 60g (a g being equal to the force of 
gravity on earth). The shock of blast-off can warp 
frameworks and force open fasteners, brush contacts, 
and tube filaments. Giant centrifuges, can subject 
two tons of equipment to 100g; smaller but faster 
centrifuges, can produce 250g with 100-pound loads. 
tocket sleds at Edwards Air Force Base, Calif. can 
achieve 600g for fractions of a second. 

As our mighty rocket engines develop their power- 
ful thrusts, the entire craft shakes from the forces of 
combustion and compound vibrations of hundreds of 


whirling parts. Vibrations can cause electrical con- 
tacts to open and materials under stress to fail. 
Mechanical shake tables, which resemble loudspeak- 
ers in principle, subject samples under laboratory 
conditions to a range of pure vibrations or random 
vibrations from 0 to 5,000 eps. 
Sound as a mechanical torce 

Acoustic noise is a mechanical force newly recog- 
nized as being even more destructive than vibration. 
Sound acts directly on all parts of a component, 
while vibration is applied only to the mounting point. 
The loud roar of our rocket engines, their many in- 
ternal reverberations and overtones, can cause vibra- 
tion-type failures not detected by vibration testing. 
An outstanding acoustical chamber is Avco’s 10.5- 
square-foot pentagon into which high-power speakers 
scream 20 to 5,000 eps at 155 decibels (130 db hurt 
the human ear). 
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Robert J. Dennis, chief liaison engineer 
of Cook Electric’s Inland Testing Labs 


has worked there in environmental testing since 1953. 


Before that he did research 
at Argonne National Laboratory, 


controlled quality at The Hallicrafters Co., 

and maintained Navy shipboard electronic equipment. 
Dennis holds a degree in electrical engineering 

and memberships in the Institute of Environmental Sciences 


and Institute of Radio Engineers. 


In the heart of our rocket engines are the fire- 
boxes where oxygen and fuel meet in fiery embraces 
of 4000 F. While the metal walls of the combustion 
chamber are cooled by liquid oxygen rushing into 
the firebox, apparatus close to the rocket engines, 
such as hydraulic systems, may have to operate in 
1000 F heat. Large test chambers can reach 1,400F 
(aluminum melts at 1220F) with the help of radiant 
heating strips. 

At these temperatures metals lose their strength, 
insulations weaken, semiconductors and lubricants 
fail, dimensions change, bearings freeze, and finishes 
are destroyed. Farther from the engines, electronic 
parts, tightly crammed together, generate their own 
heat. Above 200 F, nylon melts and capacitors can 
burst apart from the force of gases generated within 
by impregnant impurities. 


Temperature-wise, our entire missile must travel 


from the 90-plus heat of the Florida base to the 
110 F cold at the top of the atmosphere to the 
460 F absolute zero of outer space. Commercial 
environmental cabinets, such as are made by Labline 
Inc. and the Nucledyne Division of Cook Electric 
Co., can achieve a temperature drop to -120 F in 
less than five minutes with liquid carbon dioxide 
sprays, while liquid hydrogen can produce temper- 
atures a fraction of a degree above absolute zero. 

Coupled with the wide changes in temperatures is 
humidity. High humidity can cause electrical shorts, 
ice accumulations, dimensional changes, reduction of 
insulation resistance, and deterioration of unprotec- 
ted surfaces. Humidity ranges from zero to 100% 
are duplicated routinely at all temperatures in en- 
vironmental chambers. 


We're now beyond the atmosphere. Our rocket’s 
third stage fires and we’re on our way to Venus. 


Photographed by Jon Pownall 
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Beyond escape velocity 


Once we have achieved our escape velocity of 
near-25,000 mph, there no longer is any acceleration. 
As we get farther and farther from the earth, its 
gravitational pull becomes weaker and _ weaker. 
Finally, we experience weightlessness absence of 
gravity 


the sole environment that cannot be dupli- 
cated on the ground. (Aircraft on elliptical climb- 
dives achieve weightlessness for only 40-second peri- 


ods.) Lack of gravity is a small consideration for 
designers. The only requirement is that equipment 
not rely on gravity, as a relay might on ground 
installations. Weightlessness, however, is a psycho- 
logical barrier that space travelers must push aside. 

In the clear black of outer space, there is no 
external heat except from sunlight. Satellite experi- 
ments have shown that the internal temperatures of 
closed space capsules can be moderated successfully 
by using special skin coatings or by applying alter- 
nating dark and light paint strips, the dark to absorb 
heat, the light to reflect it. In airless space, with 
nothing to attenuate it, sunlight is many times 
stronger than at the equator on earth. Tests with 
lamps that duplicate the sunlight color spectrum and 
deliver 120 watts per square foot are used in per- 
formance tests of semiconductors, which are quite 
photo-sensitive. 

With the rockets’ fuel spent, there is virtually no 
vibration or noise. The rest of the space environment 
consists of a complete vacuum, micrometeorites, and 
nuclear radiation. In environmental laboratories, the 
vacuum at 200 miles above earth can be duplicated. 
The long-range effects of dust and sand-sized mi- 
crometeorites can be compressed into a few hours in 
sand-blast chambers that blow up dense sand storms 
of 30 mph. 

The effect of cosmic rays also can be duplicated 
on earth. The impacts of these high speed particles 
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on the missile skin send showers of gamma and 
x-rays into the interior. Such radiation can be deadly 
both to man and materials. Studies at Inland with a 
high intensity cobalt-60 source in the nuclear air- 
plane program, for instance, showed that this radi- 
ation degrades rubber and lubricants and can cause 
plastics literally to fall apart. Nuclear radiation also 
destroys the electronic properties of semiconductors, 
transistors, and diodes. 

What about our rocket to Venus? Can we dupli- 
cate the environs of other planets? 


From arctic rooms to Mars rooms 


Many environmental laboratories have test cham- 
bers labelled ““The Tropical Room’”’ or “The Arctic 
Room,” indicating that here such components as 
automobile ignition systems can be tested in tropical 
or polar environments. It won’t be very long, we 
feel, before Mars Rooms or Venus Rooms will be 
built simulating the complete environment of another 
planet. Fantastic? Let’s see, keeping our knowledge 
of environmental limits in mind: 

Moon virtually no atmosphere, except for traces 
of argon; constant cosmic-ray and micrometerorite 
bombardment; vast changes in temperature, from 
+214 F in the sun to-243 F in the dark. Except for 
the light lunar gravity, which is less than a fifth of 
ours, this is easy. 

Piuto —essentially the same as on the moon, except 
that its gravity is close to ours while its surface tem- 
perature is about -348 F —again a possibility. 

Venus same gravitational pull as earth’s; at- 
mosphere of carbon dioxide with clouds of formalda- 
hyde or carbon suboxide mist; temperatures of from 

9 F to +140 F. This, too, is easy for the environ- 
mental engineer. 

Mercury——closest planet to the sun, resembles our 
moon in that it has no atmosphere and rotates so as 
to show the sun its same face; gravitational pull one- 
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third ours; temperatures range from 770 F on the 
sunny side to absolute zero on the shady side. Again, 
no problem. 

Mars—atmosphere is composed largely of carbon 
dioxide, with traces of water vapor, nitrogen, and 
argon. Its level surface is mainly red rock and sand 
covered at the poles by snow, and at spots in between 
by what may be plant life. Except for the low 
gravity, this is all duplicatable. In fact, Illinois 
Institute of Technology scientists are growing lichens 
and mosses in simulated Martian atmospheres and 
temperatures. 

Jupiter, Saturn, Uranus, and Neptune while 
they vary in size and degree, all have gravitational 
pulls similar or greater than the earth’s; atmospheres 
of the light gases hydrogen, methane, ammonia, and 
temperatures from -200 F down. That any has a 
solid terrain, however, is doubtful. 

And so, all of the various environs of the solar 
system—except reduced gravity—are within our 
grasp here on earth. Putting these components to- 
gether is another story. 

Environs are combined routinely in tests, but no 
single chamber has been built to combine all of the 
environs that even a smal! missile experiences in 
flights to the upper atmosphere and back. 


Combining environs 


The advantage of testing in a single environ is 
that the effect of this temperature or that vibration 


Hydraulic flow-stand tests an aircraft-oil 
thermostat assembly. Such tests in a single environ 
yield a precise reaction to one condition. 

A truer test would result 

from a combination of environs— 

since one condition can multiply 

or counterbalance the effects of another. 


can be pinpointed. But in real situations, environs 
either can multiply one another’s destructive capa- 
city or, indeed, counterbalance them. Take a her- 
metically sealed capacitor. 

If we heat it from 50 F to 170 F in 95% humidity 
while vibrating it at 55 eps, the seal may craze or 
develop small cracks through which the water vapor 
can penetrate to ruin the capacitor. 

On the other hand, consider plastics. High temper- 
ature can cause a polymer to break up into free 
radicals, while nuclear radiation can cause the same 
polymer to cross-link and form larger molecules. Here 
temperature and radiation counterbalance each other. 

Today’s tendency is toward tests in combined 
environments. The advantage is the lowered cost of 
testing as well as real-life circumstances. But the 
trend is slow. Temperature-altitude tests are as com- 
mon as temperature-humidity tésts. Temperature- 
altitude-humidity tests are less common. Even more 
rare are temperature-altitude-humidity-vibration 
tests. As one adds environs, the chances that the 
test is used decreases geometrically. Yet in actual 
operation, parts fail under total environments, as a 
result of various environs occurring simultaneously 
or in special sequences, like the rocket flight example. 

To meet the challenge thrown to industry by 
national defense needs we must duplicate exactly the 
mission profile. We must place a component in a total 
environment chamber and program the conditions 
under which it must survive—from production line 
to launching pad, from blast off to Venus and back. 
The capabilities are at hand. All that is lacking is 
the facility in being. 

The engineering and cost problems admittedly are 
enormous. (Wright Air Development Center esti- 
mates that a universal environment chamber would 
cost from $5- to $9-million.) But so is the need. 
Think of what the Wright brothers might haye 
accomplished with a wind tunnel. . 
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past and future history 





Early rocketry techniques of the Greeks and Chinese 

were enhanced greatly by William Congreve’s addition of reliable hardware. 

Congreve made the rocket a formidable offensive weapon by solving the engineering details of accuracy. 
His improved rockets were fired on American ships with unexpected success 

from British clippers in the War of 1812. 

Such scenes, described later by Francis Scott Key, 

anticipated those viewed by Americans 130 years later in the South Pacific during WW II. 
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Editor’s note: Rocketry today is history in the making, and it’s a safe bet 


that history books of the 21st Century will consist 


of as much science as politics—reversing a 4,000-year-old trend. 


What will these histories say about man’s rocket to space? Listen... 
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Dr. Meyer M. Markowitz, as group leader of the thermodynamic 
and physical chemistry group at Foote Mineral Co., 


currently is studying the applications of lithium 


and lithium chemicals as propellant components. 


His interest in rocketry stems from participation 


in several government-sponsored rocket research projects 


at the research division of New York University. 


Since receiving his PhD from Cornell University in 1953, 


Markowitz has worked in the areas of physical measurements, 


propellant and high-temperature chemistry, and inorganic synthesis 


Active in several professional and honorary secieties, 


he has published more than 30 articles 


for the American Chemical Society magazines 


in flight by a jet of either steam or compressed air. 
Toy or experimental model? The record is blank. 

The other invention was a reaction engine called 
the aeolipile. It was built about the second century 
B. C. by a Greek scientist. It consisted of a revolving 
hollow sphere into which steam was introduced from 
a boiler underneath. Two bent tubes on opposite 
sides of the sphere served as outlets for the steam, 
providing the reaction necessary for motion. 

The first European author to mention rockets may 
have been Marcus Graecus. In his Book of Fires for 
Burning Up the Enemy (written probably in the 
eighth century), he described what must seem to the 
present audience an incredibly primitive rig. The 
gist of his rocketry technique was this if a com- 
pound of niter, sulfur, and charcoal were rammed 
tightly into a long narrow tube and set afire, the 
tube would fly through the air. Clearly an example 
of the bliss of simplicity wedded to the charm of 
enthusiasm! 

Its most interesting aspect is the allusion to the 
propellant. Like all the old style rockets, the model 
developed by Graecus used a solid propellant—the 
potent if erratic concoction known as black powder 

discovered by the Chinese in the Tang dynasty. 

Tacticians soon recognized the desirable military 
attributes of the rocket. A Chinese chronicle, circa 
232 A.D.., relates a siege of Kai-Fung-Fu, a city in 
southern China, by the Mongol Ogdai and his min- 
ions. In a move that must have nonplussed the 
attacking hordes, the defenders made use of rockets 
for the first time in actual warfare. 


‘Souped up’ arrows 


These models were ordinary arrows “‘souped-up”’ 
for the occasion by an attached tube, open at one 
end and filled with a generous portion of black 
powder. The overall effect did not differ markedly 
from the type of skyrocket used later in nocturnal 
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and elsewhere 


patriotic celebrations. The “arrows of flying fire,” 
created a terrifying diversion. Unfortunately the 
psvchological shock did not endure and Kai-Fung-Fu 
ultimately was captured. 

Spectacular devices like the Chinese fire arrows, 
of course would not remain in obscurity. In a com- 
paratively short time, Marco Polo and other early 
explorers were describing these wonders of Oriental 
ingenuity to European and Near-Eastern readers. 
Enterprising amateurs readily responded to the de- 
lights of the new art. As early as the 14th century the 
Arabs were conversant with the mixing of powder 
and manufacture of rockets. These hazardous skills 
were introduced into Europe about 1400. 

Field tests were made in Berlin as early as 1688 
with 50 and 120-pound rockets carrying a bomb 
weighing 16 pounds. The propellant was still black 
powder. The black powder grain with its destructive 
idiosyncrasies must have maimed and killed as many 
friends as foes, and thus preserved a balance of 
power between the opposing teams. 

The first large-scale use of rockets in actual war- 
fare took place in India shortly after the American 
Revolution had been brought to its successful cul- 
mination without the services of this ordnance spe- 
cies. A wealthy prince of Mysore, Hyder Ali, bam- 
boozled and buffaloed the British in a series of bat- 
tles from 1780 to 1799. 

According to available literature, the Mysore 
rockets weighed six to 12 pounds and consisted of an 
iron tube packed tightly with powder and guided 
by a long bamboo pole. (Hence, the bamboozling 
effect mentioned earlier.) These rockets had an ef- 
fective range up to a mile and a half and inflicted 
both confusion and casualties. 


*The soul of artillery without the body’ 


News of the novel “secret weapon” soon spread to 
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Norman P. Gentieu's technical writing background 

probably violates every canon of this young but serious profession. 
After three years with the duPont Co., Gentieu played jazz piano, 
wrote and lectured on jazz, studied music composition, 

and performed library research 

for the Bibliographical Planning Commission. 

He spent four years as a Navy test supervisor, 

and published monthly essays for Navy's The Bulletin. 

In 10 years as technical writer for a chemical company 

he wrote more than 100 articles for the trade and technical press. 
At Foote Mineral Co., Gentieu writes about ultra-purity metals, 
ind publishes articles in Foote Prints. 

He is a senior member of the Society of Technical Writers and Editors. 


Europe, finding a special reception in England. Gen- 
eral Desaguliers, the fire-master of the Royal Mili- 
tary Academy, tried his own hand at this exotic 
ordnance unsuccessfully. His successor, Colonel 
(and later Sir) William Congreve initiated an ex- 
perimental research program at the Royal Labora- 
tory at Woolwich. 

Convinced that rockets possessed immeasurably 
superior advantages over cannons and the other 
conventional artillery of the day, he succeeded in 
building rockets that helped dissuade Napoleon from 
his delusions of grandeur. Like the longbowmen of 
Henry V, Congreve’s rocketeers sent their shafts 
crashing down on the heads of the French forces with 
devastating effect. 

In American history, The Star-Spangled Banner's 
“the rocket’s red glare, the bombs bursting in air’ 
is an account by Francis Scott Key of the success of 
Congreve’s favorite weapon in the War of 1812. 

Although the British routed American troops at 
the Battle of Bladensburg, marched to Washington, 
and burned it to the ground, they shot their rockets 
in vain at Fort McHenry from their aptly named 
rocket ship Erebus. 


Congreve’s rocket program 


William Congreve benefited in his rocket program 
from at least two influences: the practical achieve- 
ments of his free-wheeling predecessors and an aware- 
ness of the theoretical aspects of rocket flight. Sir 
Isaac Newton’s famous Third Law of Motion had 
stated that to every action there is an equal and op- 
posite reaction, and Congreve realized that the 
foundation of rocket operation was the principle that 
motion is produced in a direction opposite to that of 
a rapidly moving fluid. 

Although Sir William introduced no drastic in- 
novations, he can be said to have contributed sub- 





stantial improvements to a neglected branch of 
ordnance. He gave his rockets an enhanced hardware 
by forming them with iron cases instead of paper. 
He shortened the stabilizing tail stick and obtained 
a more reliable trajectory. He attained a higher 
density of packing in his rockets by soaking black 
powder in alchohol and thus eliminating voids. 


Designed tor gracious lifting 


One period that might have seen a great recrudes- 
cence of the rocket art was that of the War of the 
Rebellion. For example, from 1861 to 1865, the Rich- 
mond Arsenal alone produced 3,985 rockets for the 
Confederacy. Experiments were made on new types 
of powder, shells, and rockets. 

In both North and South, the rocketry concept 
captivated the attention of inventors who sought to 
improve the uncertain ballistic properties of Con- 
greve’s prototypes. Most efforts were concentrated 
on a means of duplicating the rotation imparted to 
projectiles by rifling. 

In 1863, Pascal Plant patented an improved war 
rocket. Plant’s “new and useful” rocket-torpedo was 
stabilized in the manner of the later-day Honest John 
by jets emerging from the case at right angles to its 
longitudinal axis. 

Another Southern gentleman, the scholar and 
erstwhile business partner of Samuel Morse, Talia- 
ferro Shaffner, introduced in 1869 an improvement 
that would make his rocket “‘more fatal” in battle 
by scattering metal. The head of Shaffner’s rocket 
contained a priming charge, which on impact would 
burst a thin dividing wall and explode nitroglycerine 
in the body of the rocket. 


Ultimately, it was the idea and the possibility of 
space travel that prompted renewed interest in rock- 
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America’s rocket pioneer Dr. Robert Goddard 
» fires first successful liquid-propellant rocket 


on March 16, 1926. 


During WW I, Dr. Goddard became aware 
of the limitations of solid-fuel rockets. 


In WW II his accomplishments 
were well-known in Germany, 


but he was ignored as impractical in the U.S. 

Some results of Goddard's “impractical” experiments 
are the first faster-than-sound rocket, 

the first rocket in a vacuum, and the bazooka. 


ets. Indeed, the recognition came at a comparatively 
early stage that the rocket as a self-contained power 
plant would be the only type of vehicle capable of 
exploration into the virtual vacuum of outer space. 
To the Classic Period of rocket development (the 
first half of the 20th century) belong the great pio- 
neers who laid the foundations of the fecund, modern 
period: Konstantin Edvardovich Tsiolkovskii, Rob- 
ert Hutchings Goddard, and Hermann Oberth. 


Tslotkovskil 


Science frequently moves in mysterious ways, 
as happened with the great Russian theoretician, 
Konstantin Edvardovich Tsiolkovskii. Isolated, im- 
pecunious, even lacking a formal education, Tsiol- 
kovskii formulated a priori the bases for rocket travel 
in outer space, completing his elaborate description 
in 1903 — the same year the Wright Brothers made 
their historic flight. 

Tsiolkovskii’s interest in the possibility of space 
travel was based on his own personal philosophy that 
the whole universe was the heritage of mankind. He 
taught mathematics and physics in a small Russian 
town for his livelihood, but his thoughts ranged far 
from his provincial surroundings. 

His first major preoccupation was with the theory 
and construction of metal dirigibles, but eventually 
he turned to a study of flight into space with a re- 
active-engine rocket using liquid fuel. 

Beset by an amazing lack of laboratory facilities 
and with a chronic shortage of funds, Tsiolkovskii 
rose above these limiting factors. He not only es- 
tablished the basic principles of space flight with a 
vehicle powered by liquid oxygen and hydrogen, but 
also conceived many ideas that are an integral part of 
today’s long-range ballistic missiles and spaceships. 

But even with this achievement to his credit, 
Tsiolkovskii remained dissatisfied. “All my life con- 
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sisted of meditation, calculations, and experimental 
work. .. . The main things are still ahead. Will there 
be enough strength and ability to transform these 
thoughts into reality?” 

The authors submit, as a fillip of encyclopedic 
knowledge, that Isander and Kondratyul, disciples 
of the great Russian scientist, mentioned lithium 
and boron as possible fuels for space travel many 
years before the desirable properties of these two 
elements were appreciated fully. 


Goddard 


Dr. Robert Hutching Goddard’s accomplishments 
often have been recounted in detail. Perhaps not so 
well known are Goddard’s diverse investigations. 
The essence of his work is contained in two publica- 


tions originally sponsored by the Smithsonian In- 
stitution: A Method for Reaching Extreme Altitudes 
and Liquid Propellant Rocket Development. 

Goddard's theoretical work was augmented by a 
series of successful practical experiments, and he put 
a liquid fueled rocket in flight for the first time in 
1926. 

It should be remembered that in previous rockets, 
black powder was the usual propellant. The actual 
development of the rocket as a vehicle with a precise 
path depended on the use of liquid propellants. 
Tsiolkovskii had realized this fact also, but Goodard’s 
work confirmed the theory. 

Not generally recognized are Goddard’s studies 
that range over the entire field of rocketry. For ex- 
ample, between 1906 and 1910, Goddard had record- 
ed notes on such subjects as: multiple rockets; liquid 
H, O, N2O04, and other materials for rocket propul- 
sion; reaction by streams of ions to furnish rocket 
propulsion; use of solar energy; raising an explosive- 
ly propelled apparatus to a great initial height by 
balloons; cameras sent around distant planets and 
returned to earth; circling a planet to decrease 





speed before landing; and production of hydrogen 
and oxygen on the moon. 

Goddard’s achievements are so notable that it is 
difficult to understand why he remained in ob- 
security during his lifetime (he died in 1945, bypassed 
by the U.S. military as being too “impractical’’). 

When Americans were questioning captured Ger- 
man scientists after WWII about the V-2 program, 
the Germans replied: “Why do you ask us these 
questions? Why don’t you ask your own rocket pioneer, 
Dr. Goddard? We learned these things from him.” 

Goddard was the first investigator to shoot a rocket 
faster than the speed of sound and he was the first 
to prove by actual experiment that a rocket will 
work in a vacuum. This had been an academic bone 
of contention for centuries, but until Goddard ran 
his test no one actually knew. 

Another Goddard “‘first’’ was the bazooka, the 
basic idea of which he had developed as early as 1918. 
Obertnh 

In 1923, a small pamphlet was published that led 
to the formation four years later of the German 
Rocket Society and exercised an influence all out of 
proportion to its size. 

The slender book was Hermann Oberth’s Die 
Rakete zu den Planetenraumen. It was actually a 
highly theoretical description, bolstered by the nec- 
essary formulas, of Oberth’s entire concept of rocket 
development using liquid fuels, the transportation of 
human passengers, and other subjects fundamental 
to modern rocket technology. 

Previously, in 1917, Oberth had submitted a project 
for a long-range missile with alcohol containing water 
and liquid air as propellants. However, at that early 
date and in the 1920s, his suggestions also were 
shunted aside as impractical. 

One of the difficulties lay in convincing his col- 
leagues that any kind of a reaction would be effective 


at extreme altitudes. They, of course, remembered 
the adage that “nature abhors a vacuum,” and, 
reasoning by false analogy, had equated nature with 
rockets. 

Later, Oberth did some secret research work pre- 
liminary to the development of the V-2 and engaged 
in many other rocket-oriented activities. In the 
United States he served in a consulting capacity on 
secret projects at Redstone Arsenal. 

However, his chief claim to fame was his rigorous 
and correct solution of the basic problems of inter- 
planetary flight and the many sound suggestions for 
implementing such flights. 

Naturally there are many other pioneers who help- 
ed usher in the Era of Space Technology. To Robert 
Esnault-Pelterie, Jules Verne, Fritz von Opel, Willie 
Ley, I. M. Levitt, and a host of other savants and 
science writers, we owe a debt of gratitude. 


The early Space Age 


A suitable preface to discussion of the Space Age 
birth is the cherished cliche that necessity is the 
mother of invention. (The matter of paternity never 
has been clarified satisfactorily.) I refer specifically 
to the crash program that inspired devotees of the 
rocket in Germany set up in the closing years of 
World War II. 

Originally this activity was a function of the 
German Rocket Society which attempted to perfect 
the rocket during the 1920s and ’30s—first as a means 
of space travel and then under the auspices of the 
German army as a “new” war weapon. 

It is now well known in retrospect ‘that German 
accomplishments in rocketry during World War II 
were considerable. The effort expended at Peenemiin- 
de, the German Rocket Development Center, did 
bring results, as many harassed citizens of London 
could testify. 

Among the rocket-derived devices evolved are the 
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V.I buzz bomb and launching catapult, the once awe- 
inspiring but now primitive V-2, rocket-propelled 
depth charges, deceleration rockets for laying sea 
mines, liquid rocket aircraft take-off assist units, 
and various guided missiles. 

Never put into general operational service, but in 
advanced stages of development, were the jet fighter 
and the Walter closed-cycle submarines. The former 
owes its practical realization to the excellent work 
of Sir Frank Whittle in the 1930s. The latter, though 
not operating on the rocket principle, was made 
possible by experience gained in handling high con- 
centration hydrogen peroxide in the rocket program. 


Since energy is the open secret of the rocket’s suc- 
cess, it is eminently apropos to make a cursory refer- 
ence to the problem of rocket propellants. For years 
bitter controversies raged in military and civilian 
circles on the relative merits of liquid versus solid 
propellants. The liquid types at first seemed to be 
in the ascendancy, especially the highly touted 
hydrogen-fluorine system. Unfortunately, engineers 
never were able to overcome the inherent difficulty 
of hydrogen’s low density even in a liquid form, which 
necessitated an unseemly volume for its container. 

In the early 1960s, two staunch contenders for 
solid honors, ammonium and lithium perchlorate, 
became available in large commercial quantities. 
Their high oxygen content (over 60°, for lithium 
perchlorate and in a compact, stable form), and the 
unique ability of the lithium compound to enhance 
the stability of other propellants led to a general 
adoption of solid perchlorate systems in chemically 
fueled engines. 

At one time, it seemed that chemical propulsion 
engines were doomed to absolute obsolescence, with 
the rapid and successful development of nuclear and 
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ion power plants for space vehicles. However, ex- 
perience has proved that chemical power is suited 
ideally for getting our space shuttles up through the 
first 100 miles of the earth’s cloying atmosphere. At 
this level, we of course transfer via the low-level 
space stations to the interplanetary expresses which 
are now powered by either atomic engines, ionic 
propulsion systems, or even the more recent solar 
power plants, depending on specified flight speed. 

The crux of this situation is merely that after the 
spaceship breaks through the atmospheric blanket, 
energy requirements are much lower and in outer 
space the non-chemical energizers with their ultra- 
high velocities can perform in vacuo and at their 
highest efficiency. 

The most important contribution in this category 
has been the adaptation of a nuclear power system 
to the peculiar requirements of the rocket. Not only 
did the engine have to be designed to somewhat un- 
gainly specifications, but the temperatures and 
stresses imposed on the rocket’s structural materials 
were horrendous. 

As usual, much of the pertinent information is 
classified but I can reveal that the propellant finally 
selected consists of hydrogen molecules dissociated 
by an atomic pile into hydrogen atoms. The essential 
radiation shield is a thin amorphous skin of lithium 
hydride, and the shell is mainly of a newly developed 
ablatent armor plate. 


The middie Space Age 


At mid-century October 1957 to be exact 
the unexpected and unprecedented launching of the 
formidable Russian sputniks lent great impetus and 
stimulation to rocket research and development in 
the United States. At last the Americans realized 
that the rocket was here to stay. 

In fact, it became quickly and soberingly clear 
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that the rocket was the only power plant capable of 
use on their intercontinental ballistic missiles (the 
Atlas, the Titan, and later the Nova) because of its 
independence of outside environment and its very 
high horsepower output per unit weight of rocket. 

After a dallying program in the 1945-55 era, the 
United States began a desperate race to regain lost 
prestige as well as bargaining power at international 
conference tables. The Americans were able to aug- 
ment their scientific ranks by manpower from the 
huge reservoir of skills and talents associated with 
the pin-ball, juke box, and allied electronic industries. 

The main currents in rocket development have 
brought us to such a peak of perfection in this year 
2000 that we again are becoming complacent. 

Even today there is still something tremendously 
exciting to me in regular rocket express to Mars and 
Venus with exploratory trips (or space probes as they 
are known in the trade) to Jupiter, Saturn, and 
Neptune contemplated in the near future. And con- 
sider the burgeoning industry in ultra-pure materials 
made possible by trouble-free operation of factories 
in the uncontaminated atmosphere of the moon. 

Actually, the probing of space followed the rather 
clear-cut pattern formulated in 1959 by the National 
Aeronautics and Space Administration. What devia- 
tions occurred could be attributed to the unpredict- 
able sensational stunts of the Russians who, it seemed 
to casual observers, always tried to surpass the United 
States in comparable programs. 


1960 to the present 


A resumé of rocketry development in the past 
four decades only can touch the main items. By mid- 
1959, 15 rockets had been lofted to orbit with varying 
degrees of success and life expectancies ranging from 
a few hours to infinity. 

These early models included three Sputniks, three 


Explorers, two Vanguards, three Pioneers, two Dis- 
coverers, Project Score the articulate Atlas (which 
established a Republican priority “the first fire- 
side chat from outer space’), and Mechta the 
Russian dream of unlimited Lebensraum. 

In America, the evolution of the rocket progressed 
in startling leaps and bounds. Beginning with the 
Thor-Delta of early 1960 (with a 150,000-pound 
thrust), astronautic scientists had produced Atlas- 
Centaur by the end of 1961. This model featured the 
world’s first liquid hydrogen-oxygen engine and de- 
veloped a potent thrust of 390,000 pounds. 

However, this was soon dwarfed by the huge 
Saturn, powered by a cluster of eight engines with a 
total thrust of 1!. million pounds. In the 1960s, 
Saturn placed three communications satellites into 
24-hour orbits 22,300 miles above the equator. These 
vantage points gave the United States a triple re- 
flector to beam radio and TV messages to all points 
on the earth. 

By 1970, Saturn was surpassed by Nova, the climax 
of the chemical propellant rockets. Nova generated 
the unheard-of thrust of 6 million pounds! This 
finally was deemed the optimum push for shuttles 
from Earth to space stations. 

After years of planning and preparation, the United 
States finally landed two explorers on the moon in 
1969 and by '75 had sent expeditionary forces to 
Mars and Venus. Having no men onthe moon, the 
Russians sought to offset their defeat by beating us 
to the red planet and indeed did place a melancholy 
Slav on sparse, frozen vegetation a few days before 
our own spaceship landed. 


‘Mrs. Vee’—darling ot the ‘90s 


In the 1990s, a more modest but extremely im- 
portant phase of the overall space program was 
eventuated. This was what scientists called the 
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Maneuverable Recoverable Space Vehicle and what 
the lay press referred to as ““Mrs. Vee.”’ 

MRS-V performed a number of essential func- 
tions it serviced manned space stations, observa- 
tories, space depots, and other items in the galaxy 
of satellites in orbit around the earth; it made possible 
the regular correcting of orbit discrepancies; and, 
most vital, it proved to be a key factor in maintain- 
ing “open skies” inspection, thus enforcing modern 
Checkmate Control. 

Checkmate Control, of course, is the concept of 
holding a possible total war in abeyance by means 
of an uneasy equilibrium. Simplicity itself, it con- 
sists of keeping the well-known balance of registered 
ordnance satellites in the skies at all times. 

Traffic, the old bugaboo of earthbound vehicles, 
has become a major problem of the Space Age. For- 
tunately, relief is in sight. A new type of traffic con- 
trol soon will be introduced. It is based on the four 
coordinates of non-Cartesian solid analytical geom- 
etry plus an automatic electronic adjustment of 
relative sidereal time. 

This is only one of many problems that have been 
concomitants of the new day of travel. In a few 
decades, the Space Age has introduced the most 
profound changes in the entire scheme of living. For 
example: 

1. The economy of nations is now based on the as- 
tronaulics industry, instead of on war. 


2. The necessarily complex decisions that implement 
the future are made by programming the best conclusions 
of a select group of experts and submitting this “‘feed 
material” to a bank of electronic and nuclear computers. 


Our tuture in space 
As we verge on still another age of space conquest, 


we may be impatient that our more recent progress 
has appeared more static than dynamic. Yet, on 
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reflection, consolidation of the tremendous advances 
made in the last 40 years seems a truly gargantuan 
task. 

For example, only now are our scientists develop- 
ing satisfactory shields against the lethal Van Allen 
radiation belts. And the Probability of Fully Accom- 
plished Flight (the PFAF factor) is still too low in 
the opinion of many reputable astronauts. And there 
are still other major problems to be worked out, 
chief among them the philosophical. 

How can we justify even in the growing com- 
placency of the 21st century — the expensive, elabor- 
ate, and exaggerated preoccupation with non-ter- 
restrial matters? Is it worthwhile to push out even 
farther into space? No better answer exists than that 
given to his 20th century critics by the brilliant Prof. 
Theodore W. Richards, who taught analytical chem- 
istry at Harvard University from 1889 to 1929: 

“ . . why should one spend several years trying to 
master the determination of the electromotive force of a 
cell prepared of almost impossibly pure materials, or 
seek to compare the compressibilities of substances un- 
der pressures which are quite beyond the range of 
ordinary experience? 

‘How will this remote philosophical knowledge yield 
any practical use? Who can tell? Faraday had no con- 
ception of the electric locomotive or the power-plants of 
Niagara when he performed those crucial experiments 
with magnets and wires that laid the basis for the modern 
dynamo. When mankind discovers the fundamental 
laws underlying any set of phenomena, these phenomena 
come in much larger measure than before under his 
control and are applicable for his service. 

“Until we understand the laws, all depends upon 
chance. Hence, merely from the practical viewpoint of 
humanity's progress, the exact understanding of nature 
is of the most important of all problems presented to 
man.” * 
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can 
research 
save 

the 
railroads’ 


by an Industrial Research staff reporter 


[ OF GROWTH has seen 


America’s railroad industry develop 
from a prodigious infant into an awk- 
ward adult, tied to the apron strings 
of outdated legislation, powerful or- 
ganized labor, and forced inefficient 
operations in the face of strong com- 
petition. 

For more than 50 years, a near- 
monopoly in transportation carried 
the railroads into a great surge of 
prosperity. During the years of ex- 
pansion which carried through the 
first quarter of this century the rail- 
roads did not have to worry about 
efficient operation, modernization of 
equipment, or competition from other 
means of transportation. 

Today the situation is reversed. The 
expansion of an intricate highway net- 
work through an integrated state and 
federal system, coupled with govern- 
ment-built airports at every major city 
and many smaller ones, has enabled 
the railroads’ competitors to capture 
a good portion of the freight business 
and threatens extinction of rail passen- 
ger service as we know it today. 

Today, only 6% of inter-city travel 
is made by rail while 84% goes to 
the auto. Airlines carry 4%, buses 
3%, and 3% to miscellaneous combi- 
nations. Thus a return to the rails of 
only 10% of the auto traffic would 
mean doubling the present rail passen- 
ger business—a goal which some 
railroad men believe can be achieved 
through more efficient use of equip- 
ment and materials: research. 

Certainly research can save the rail- 
roads many millions of dollars, but 
is it powerful enough to save the rail- 
roads? 


The research payott 


Enormous research and testing ex- 
penditures have paid off in terms of 
competitive operation: a higher 
energy-to-fuel ratio (diesels over 
steam engines); longer equipment uti- 
lization (manganese-steel switch 
points, continuous rails, etc.); and 
new innovations (punch-card systems 
to classify cars in less time, or the 
“piggyback” truck-flatear combina- 
tion). Yet the rail industry still wob- 
bles on the track of economic dis- 
aster. Why? 

Imagine a mile-long train of feather- 
weight two-wheeled cars snaking along 
curves at 200 miles an hour. Such a 
research dream has been approached 
in an actual Chicago-to-Detroit experi- 
mental run by the Chesapeake & Ohio 
Railroad. The train goes back to a 
principle used on roller coasters since 
1880. A single axle and single pair 
of wheels are located at the rear; the 
front part of the car, wheelless, is 
coupled to the car ahéad, supported 
by its rear wheels. The integration ts 





like the vertebrae of a snake. 

Not too long ago, a million dollars 
worth of research convinced the late 
C&O board chairman and New York 
Central president Robert R. Young 
that radical departures like the dream 
train are not only practical but im- 
perative. His “train X” could be man- 
ufactured cheaply enough so that three 
of the new steel and aluminum alloy 
coaches will cost only as much as one 
ponderous, 55-ton conventional coach, 
and its running costs could be cut in 
two. 

(Train X was tried and discontinued 
because it was deemed too light, per- 
haps one of the reasons that led to 
Young's subsequent suicide. The Rock 
Island Rocket now is experimenting 
with a similar train on the Chicago- 
Peoria run.) 

But despite which of recently pro- 
posed dream trains makes the grade, 
the point here is to consider how such 
a train would be manned, regulated, 
and financed on a wide scale. Would 
the union insist on idle oilers for the 
nonexistent wheels? Firemen to shovel 
yesterday's persisting dream-pile of 
coal, obsoleted now by 15 years? 

Would the Interstate Commerce 
Commission cut the length of the 
train, transforming it from its efficient 
snake into several shorter, costlier 
units? And how would management, 
crushed by regulatory powers on top 
and unions below, feel about financ- 
ing the venture? 


The bed of teathers 


Management considers featherbed- 
ding to be the industry’s biggest bur- 
den. Union leaders argue that rail- 
road wages are less than those in other 
heavy industries. Management count- 
ers that when wages are based on a 
straight time value, the railroadman 
has a big edge 

In 1919 on the old steam locomo- 
tives, 100 miles was considered a day’s 
work for railmen. Today, with rapid 
diesels, the 50-year-old rule still holds, 
and some rail workers receive a full 
day’s pay for just a few hours’ work 
Another antiquated law guarantees 
that even if the railman works for 
one hour, without traveling 100 miles, 
he gets a full day’s pay. 

One run, since discontinued, was 
the three-hour and 20-minute trip on 
the B&O from New York to Balti- 
more, which involved travel in two 
“divisions.” The crew worked less 
than seven hours for the round-trip, 
laid over four hours—and drew a 
full four days’ pay 

Yet, unions continue to press their 
demands on a sick industry. They 
want special allowances for such rou- 


tine duties as inspecting rolling stock, 
coupling or uncoupling cars, and 
changing engines. They ask for costly 
fringe benefits, such as a month cumu- 
lative sick leave, extra vacation days 
for every year of service, even birth- 
days off! 

In a desperate attempt to save their 
economic lives, some railroads turned 
to automation and other labor-saving 
methods. Automation was threatened 
with a walkout for the New York 
Central. The Seaboard Air Line RR 
successfully tested a completely tape- 
controlled trip, but has not put the 
method into use. 

The labor problem not only con- 
tinues, it increases. An extreme ex- 
ample perhaps, in more ways than 
one, but Thomas Goodfellow, presi- 
dent of the Long Island Railroad, tells 
of a crew member who received a 
law degree during his free time be- 
tween commuter rush hours — and 
now practices law on the same sched- 
ule! 


Regulation on top 
of regulation 


The railroad delemma presented by 
idle labor and idle expensive equip- 
ment is great. Yet, the situation is 
many faceted. Alfred E. Perlman, who 
succeeded Young as president of the 
New York Central Railroad, ascribes 
the real problem to discriminatory 
taxes and other government abuses 

As early as 1916, investors recog- 
nized that government influence might 
keep railroad earnings low, and rail- 
way investments began to decrease 
In 1916 the railroads asked Congress 
to reorganize the system of super- 
vision. Many of the requests to change 
legislation considered obsolete 50 years 
ago still have not been granted 

The railroads not only have been 
hampered by the fact that, unlike 
other enterprises, they must live with 
strict federal regulation, they also 
have been severely damaged by many 
short-sighted and overly cautious de- 
cisions by their ultra-conservative fos- 
ter mother—the Interstate Commerce 
Commission. 

With complete rate-fixing power 
over the railroads, the ICC has striven 
for an unbiased position by encourag- 
ing competition and success of any 
and all transportation — despite the 
economic advantages of one over an- 
other. 

Recently, in order to meet compe- 
tition, railroad management asked to 
reduce the freight rate on tin. They 
pointed out that the existing rate was 
four or five times actual cost, but the 
ICC held that the existing rate was 
needed to allow other carriers to 
compete for the traffic in tin 

Similarly, in 1954 the railroads 
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were refused a profitable rate on mo- 
lasses. ICC chairman Anthony Arpa 
Stated that price cuts “disturb exist- 
ing manufacturing and shipping rela- 
tionships” (as did Henry Ford's price 
cuts!) 

By preventing the railroads from 
competing for traffic they could han- 
dle profitably, the ICC forces them to 
maintain higher rates on other traffic 
than they normally would 


Truck vs. ral 


The truck industry, only slightly 
controlled by the ICC, has made rapid 
gains on railroad freight, despite the 
fact that railroad productivity (ex- 
pressed in ton-mile per employe) 1s 
about five times truck productivity 
If expressed in ton-mile per employe 
hour, the difference would be even 
greater. Railroad costs, also, are less 
per ton-mile than truck costs 

Why, then, has the trucking indus 
try made such amazing gains over 
rail? 

Under early government regula- 
tions, railroad rates were based on 
value of service rather than cost of 
service. The more expensive item was 
charged higher shipping cost; heavy. 
bulk items had lower rates 

In the railroads’ early, near-monopo 
ly days, this basis seemed fair and 
workable. But with the inevitable ar 
rival of competition the railroads were 
left completely helpless 

A few of the appeals to the IC¢ 
resulted in rate changes, but red tape 
involved in ICC decisions was so ex- 
tensive it took the railroads approxi 
mately a year to get approval on just 
one rate change. And most appeals 
for revision of outdated rates were 
refused because the ICC wanted to 
preserve the old rail rate structure~ 
thus allowing all carriers, despite their 
productivity, a “fair share” of traffic 

Yet the ICC has no power to pre 
vent other freight carriers from reduc- 
ing rates to compete with railroads 

Obsolete government policies affect 
not only the railroads, but also the 
nation’s economy as a whole. Encour 
igement of all modes of carriers 
forces maintenance of more transpor- 
tation than the nation needs. Outdated 
regulations impair efficiency and boost 
railroad prices and, in turn, consumer 
and industrial prices 

Despite recent attempts to reduce 
some ICC powers, the railroad indus- 


ry is regulated as strongly as ever 


Congress has been accused of pork 


barreling with local air and water 
transportation, and government-built 
airports increase the railway problem. 
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The commuter stalemate 


If the comparatively profitable 
freight transportation presents a prob- 
lem, forced commuter service is a 
tragedy that swallows much of the 
meager freight profit. Labor and equip- 
ment for commuter trains lie idle 
between rush hours—but they still 
must be maintained. Expense reduc- 
tion is impossible with present labor 
and government regulations 

An ICC examiner, Howard Hosmer, 
has predicted publicly that all rail- 
road passenger service soon will be 
ended if rail travel continues to de- 
cline as it has in the last 10 years 
He said that parlor and sleeping car 
service is likely to end by 1965 and 
coach service five years later. Com- 
muter service would be the last to go 

Coupled with the burden of forced 
commuter service, the railroads face 
“municipal catering to competitors” 
such as highway construction, fringe 
parking lots, and air and bus termi- 
nals. They must make unprofitable 
commuter runs and then pay a trans- 
portation tax on them; they are taxed 
highly for partly idle facilities; and 
they have no fare-fixing freedom to 
Railroad manage- 
policy level, does not 


effect a recovery 
ment. on a 
exist 

The Illinois Central and Long 
Island Railroads did get a fare boost 
to alleviate the pressure, but most 
administrators believe that subsidy by 
benefiting towns is the only solution 
to the commuter problem 

Congress took a minor step in 1958, 
eliminating the excise taxes on freight 
and enlarging the power of the ICC 
over interstate fares. But it failed to 
drop the 10% excise tax on travel, 
which was imposed during the war to 
discourage travel. The main tax bur- 
den on the 
by state and local governments 

In spite of huge 
roads have suffered in passenger train 
operation over the past 10 years, many 
roads are fighting valiantly to make 
passenger operation profitable. Others 
have gone out of the passenger busi 
ness entirely 


railroads is that imposed 


losses that rail 


Research has tried to solve the 
problem with monorails—ideally suit 
ed for passenger service. Unfortunate 
ly, the capital investment involved 
has proved prohibitive for widespread 
use 

Although unable to solve the pas 
senger problem, research certainly has 
lessened the economic burden. Cen 
tralized Traffic Control installations 
have resulted in tremendous savings 
in track maintenance, according to re- 
Harry M. Sutcliffe of the 
Association of American Railroads 
(AAR) 


The installations utilize electronics 


searcher 


to allow a single dispatcher to control 
the movement of all trains traveling 
over as much as 500 miles of track, 
knowing the position of each train 
at all times. Great flexibility of oper- 
ations has resulted, enabling the dis- 
patcher to utilize time gained by one 
train. One track often can do the 
work of two, and proper scheduling 
of traffic increases efficiency by elimi- 
nating bottlenecks. 


Today's payott 
from yesterday's research 


Research benefits are not new to 
the railroads. Today, the industry saves 
millions of dollars yearly from R&D 
performed in the railroad’s infancy. 
The 50-year-old development of zinc 
and creosote treatments of ties, for 
instance, still saves the railroad $400 
million a year. 

Another early development was the 
control-cooled heat-treatment to elimi- 
nate transverse fissures in rails which 
were Causing many derailments every 
year. It involved a $670,000 research 
investment, but has resulted so far in 
a total saving of $94 million. The 
ll-year study was initiated in 1931 
by the engineering division of the 
AAR, through the American Railway 
Engineering Association 

An added benefit derived from this 
study was the information obtained 
on rail-end hardening. It was found 
that proper end hardening of the rails 
would save at least on building up of 
battered rail ends and prolong joint 
bar life a third to save the railroads 
more than half a million dollars a 
year 

Research also led to modern ultra- 
sonic detector cars, which during the 
past 30 years have located more than 
500,000 transverse fissures. The sav- 
ings: a half billion dollars 

Among early developments, the 
locomotive was the 
most revolutionary in the history of 
Sutcliffe points out that 
it was also the most timely, elimi- 
nating many transportation — bottle- 
necks that would have hampered seri- 
ously the movement of men and ma- 
terials during the war. Faster sched 
ules permitted greater utilization of 
available equipment. The 5 to 7% 
efficiency of the steam locomotive 
could not compete with the 25% effi- 
ciency of the diesel; the manpower 
required for maintenance was slashed. 
freeing men for other essential war 
work: and the increased traction on 
the rail allowed faster acceleration 
while pulling longer trains 

Improvements on the diesel-electric 
locomotive continue, and further re- 
search is effected to result in even 
greater savings in time, expense, and 
manpower. 
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railroading 
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Electrical stress-measuring 


equip 
ment, another WW II development. 
also illustrates present benefits from 
early research. Strain gages enabled 
design more durable 
crossings. They cost 10% more than 
the old. but increased the crossing 
lite 50% 


years instead of six 


engineers to 


so that they now last nine 


In addition, stress-measuring equip- 
ment opened new vistas in bridge de 
sign, resulting in greater dependability 
There are 1.800 miles of steel bridges 
1.800 miles of timber bridges and 900 
miles of concrete bridges on the rail 
roads of the United States 
bridge specifications call for the struc 
ture to withstand longitudinal braking 
torces to equal 20% of the vertical 
load. Recently 
that most of the longitudinal force 
travels down the rail to the embank- 
ments, and very little is transmitted 
to the structure itself 

Another 
reinforcement of 


Present 


strain gages revealed 


recently-opened vista ts 
bridges to with 
stand the increasing weight and size 
Laminated 
stringers up to 70 feet long. six feet 


deep. and one foot wide have been 


of locomotives timber 


tested in railway bridges. Their suc 
cess could result in substantial savings 


in bridge construction costs 
Cooling the ‘hotbox’ 


One of the most costly trouble 
spots. now research relieved, has been 
hotboxes These overheated journal 
resulting from lack of ade 
other 


causes. have plagued the railroads for 


bearings 
quate lubrication and many 
nearly a century. In 1958 there was 
200,000 car 


miles in freight service. This means 


one hotbox for every 
n :maginary car could have traveled 
uround the earth eight times before 
developing a hotbox 

But when an occasional hotbox does 
develop. it means expensive repair 
costs. train and freight delays, pos 
sible axle failures, or car derailments 
Even occasional hotboxes on the na 
tion's two million ftreight cars cost 
millions of dollars annually 

Cotton waste. which has wicking 
ability to carry the car oil from its 
reservoir in the bottom of the box 
to the journal, has been used to pack 
journal boxes for 100 years. But loose 
threads may get trapped between the 
journal and the bearing and wipe off 
the film of oil that should lubricate 
the bearing. resulting in a _ hotbox 
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— and stil] the railroads are a dying industry. 


R&D has suggested changes in this 
material and also in the design of 
the journal bearings 

For instance journal stops—which 
are brass bars mounted inside the jour- 
nal box to prevent excessive move- 
ment of the journal—have been used 
with considerable success. More re- 
cently. a variety of journal lubricators 
have been developed in which pads of 
wool felt, cotton chenille loops, com- 
bined with sponge rubber or metal 
springs. and other integral material 
have been used to wick the oil to 
the journal 

Electronics also has been put to 
work on this problem. An infrared 
hotbox detector with a magic eye 
sensitive to heat now has been de- 
veloped by Servo Corporation of 
America. This device spots hotboxes 
on 60 mph trains and serves 21 major 
roads with 100% accuracy. 

Similar unique solutions seem to be 
the rule for the railroad industry 
piggyback” flatcars, hopper cars, and 
reinforced flatcars, for example 

Hauling loaded truck trailers piggy- 
back on flatcars teams the perpetual 
competitors, railroad and truck, for 
the efficiency of long hauls and the 
convenience of local delivery. Truck- 
ing firms are able to expand oper- 
ations at a lower capital investment 
because fewer tractors are required 
to pull trailers. As the highways be- 
come more crowded and the pattern 
of rates and scheduled deliveries ts 
arranged, the scope of piggyback serv- 
ice will expand rapidly 

Covered 
used to haul cement for many years 
More recently they have been adapted 
for shipping flour, starch, and other 
foodstuffs in special aluminum-lined 
Cars 

Heavily flatcars, with 
the section between the trucks de- 
pressed to within a few inches of the 
rail were designed to move oversized 
equipment. The added clearance per- 
mitted transportation of large indus- 
trial equipment, much of which previ- 
ously had to be fabricated at the in- 
Stallation site 

Another unique development is air- 
inflated pillows for missile parts. Due 


hopper cars have been 


reinforced 


to extremely close tolerances and deli- 
cate mechanisms used in manufactur- 
ing supersonic missiles, air freight for- 
merly was considered the only safe 
means for their transportation, de- 
spite the great expense 


Cushioned over inflated pillows, 
the missile literally floats on air, and 
can travel as safely on rail as by air- 
plane. Adapting this handling method 
to all types of sensitive instruments 
and machinery opens a new field to 
rail transportation. 

Not all research accomplishments 
are so profoundly simple. The C&O 
is experimenting with a French-devel- 
oped welded rail process that could 
result in big savings on track mainte- 
nance and provide a smoother ride. 
Called “alumino-thermique rail weld- 
ing,” the process can be applied to 
old rails in place. 

Continuous welded rails already in 
use in the U.S. required welding long 
sections in shops, moving them to the 
site on flatcars, and installing them in 
track with special equipment. 


Economy tuel 

vs. electrification 

A no less important research con- 
tribution is toward a solution to the 
problem of rising diesel fuel prices. 
Properly used, lower-quality fuels (30 
to 40 cetane rather than 40 to 50 
cetane) give eauallv good performance 
at lower cost 

An extensive research program has 
been initiated by the Southern Pacific 
Railroad to develop a dual fuel sys- 
tem in order to make satisfactory use 
of “economy” fuels. Since fuel repre- 
sents more than half the cost of diesel 
operation, considerable 
sulted 

Success with economy fuels incited 
efforts toward utilizing residual fuel, 
which is even heavier and less costly 
It was found that the residual fuel 
could be used only in particularly 
strenuous pulls, but current research 
indicates the cheaper fuel soon may 
be usable 

In France, the high cost of im- 
ported diesel fuel has led to the electri- 
fication of most trackage. The French 
pattern easily could be followed in 
the United States as the price of diesel 
fuel continues to rise 


savings re- 


Nuclear railroads? 

Fuel and electricity are not lone 
contenders for powering locomotives 
The Navy’s success in utilizing nuclear 
energy to replace diesel power in sub- 
marines introduced the possibility of 
nuclear power for locomotives. 

The 10-ft.-wide by 15-ft.-high space 
limitations of a locomotive, set by 
existing clearances, present a_ chal- 





lenging design problem. The shield- IMPORTANT TOOLS 
ing problems in a locomotive are radi- 

cally different from those of a sub- FOR HIGH VACUUM 
marine. Locomotives would have to . ‘ 

rely on air cooling, while a submarine PRODUCTI N 

has unlimited quantities of water for om 


cooling. The job of designing an 
atomic locomotive is even more de- 
manding than the extremely difficult 
job of designing an atomic submarine. 

While initial studies on nuclear- 
powered locomotives have been made 
(at Armour Research Foundation and 
elsewhere). they have not been re- 
searched more vigorously simply be- 
cause there are many other more prac- 
tical, pressing, problems. Research, 
like any other phase of management 
activily, requires good judgment. To 
have undertaken large-scale research 
to save horse-drawn transportation 
would have been futile, for all the 
research that could have been com- 
manded at the time would not have 
maintained the competitive position of 
the horse against its gasoline-powered 
competitors. There is never an absolute 
guarantee that research will achieve a 
given goal 

The many millions of dollars which 
the railroads have saved through re- 
search are not necessarily reflected as 
increased profits because of boosted HI H 
wages and taxes and other operating GH VACUUM 
costs. As often as not, the findings of EVAPORATOR 
research are used as a means of re- A Superior unit {o 
maining competitive; they show on Y Specialized wok timing 
the profit-and-loss ledger only as ae opti- 
having prevented a reduction in the a 
profit rate, or even remaining in busi- 
ness 

Clearly, research is not enough. 
Albert Beatty, assistant vice-president 
for the Association of American Rail- 
roads, says the railroads cannot sur- 
vive without: the same regulation and 
taxation as given other kinds of trans- 
portation; equal terms to meet com- 
petition; and termination of d.rect 
and indirect subsidy of railroad com- 
petition 

If these goals are not achieved, 
there are two alternatives: bankrupt 
railroads or federal ownership. 
Whether the latter results from the 
former, or comes about more directly, I K i fey fs EY MFG. DIVISION 
the solution is inevitable and unfortu- 1 THE NEW YORK AIR BRAKE COMPANY 
nate 


Ask for Bulletin 4100.1D 


-——- -———- ——{ 
f 2526, WASHINGTON STREET ,. BOSTON 30 + MASS N 


I Please send me [ Catalog on Kinney Pumps 


Aside from the social implications 
of nationalization, U.S. federal owner- 
ship has proven itself inefficient; a i 
case in point is the $2 million loss 6 C Evaporator Bulletin 4100.1D 
per day encountered when the govern- WRITE FOR NEW ; 
ment ran an even smaller railway LITERATURE ON ee 
system during World War I. The KINNEY PUMPS 
ceaseless political tug-of-war in Eng- AND EQUIPMENT 


land is a more current unhappy ex- § Address 

ample. Continuing under present in- 1 

efficiencies is not the answer. Neither q City ._ Zone. 
is nationalization. And neither is re- 
search alone = For additional information, circle No. 25 on the Readers’ Service Card. 
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SILICONE NEWS trom Dow Corning 


Cast Fine Detal 





flows in and around 
complex shapes; 
sets up in minutes 


SILASTIC RTV 


life like har d 


material 


Phe dibly 
a mold of the 


ne rubber that 


above was cast of rubber. It was made from 
Silastic RTV. the Dow Corning fluid sili- 
at room temperature. 


incre 
same 


Vvurcanizes 


The strikin det 
i Madame 


_ 


detail that would stir the heart of 
can be duplicated by you in your own plant. With 
ply pour liquid Silastic RTV into or around any object you 
wish reproduced. Wait a short time while the fluid sets up to form rubber. 
No heat-vulcanizing is 


iil reproduced here 
lussaud 
ease 
needed. Now strip the rubber away and you have 
i mold for making exact reproductions 


Y, of 


molten 


Into this you can pour a variety 


materials including many plastics, 


RTV. 


The Perfect Prototype ... Silastic RTV is 
t the answer to a prototy pe-part maker’s prayel 


casting 


metals . . . even more Silastic 


Because of its heat resistance 
to 500 F are withstood 


substances can be cast directly in Silastic 


temperatures 
molten 
RTV. 


run of some 


easily many 


If you want to make a limited 


part for use as test models, samples or give- 


POUR IT aways, you can do it with only one mold. 


Quickly 


STRIP IT 


MOLTEN METAL 
RTV 


requires the use of a release agent: 


seldom 
The 


mold strips easily from most surfaces. In 


Parting is easy... Silasti 


cases where a release agent is needed. a 
simple solution of household detergent does 


the job. 


Symphony in RTV. Just to illustrate how 
accurately Silastic RTV reproduces detail, 
Dow Corning has made Silastic RTV molds 
of 331. and 45 rpm records, then cast plas- 
tic Result: excellent 
sound fidelity! 


records from them 


IDENTICAL TWINS 


Choose your cure. Some types of Silastic 
RTV set up to solid rubber five minutes 
after the catalyst is mixed in. Others cure 
in 24 hours stay “open” and work- 
able a long time. Write for details! 





l¢ Write on your 


data and 


sample of S 


Adare 


ATLANTA BOSTON cHIcaGco 


For additional information, circle No. 26 on the Readers’ Service Card. 
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CLEVELAND 


Dow Corning CORPORATION 


MIDLAND. MICHIGAN 


DALLAS LOS ANGELES NEW YORK WASHINGTON, BD. Cc. 








RESEARCH 


TREN DOL &:7 FF Ge 


4th quarter, 1959 


Dear Sir: 


"The next 10 years probably will be known as the 
decade of materials se ," predicts Midwest 
Research Institute president Dr. Charles Kimball, 
environmental conditions in space and on earth are 
the main incentives, 


The impact of materials research on industry can 
be seen in wider use of plastics, ability of 
materials to withstand high temperatures, new 
chemical applications, electronic systeme, 
coatings, and lighter metals, 


One important breakthrough in materials research 
is a new graphite fabric that possesses all the 
qualities of manufactured graphite. Produced by 
thermochemically converting the crystalline structure 
of organic textile into that of granhite, it shows 
promise as a more versatile substitute for 
graphite products, 








The fabric has no melting point under ordinary 
pressures, conducts heat (photo 1) and elec- 

tricity (photo 2), reflects heat (photo 3), and 
resists acide, alkalies, and organic compounds, 


It becomes stronger at high temperatures and 
remaine unaffected as low as -320F, 





The lightweight (about .04 lbe ner sq in.) cloth 
could be used to reinforce plastice and refractory 
materials, such as missile nose cones, to impart 
electrical and thermal conductivity to non-conducting 
materials, and to provide heated clothing for epace 


travelers, according to Nationai Carbon Co, 100 & 42 
St, NY 17, 





Applications in chemistry: bag-type filters for 
non-oxidiziug gaeses, equipment to handle 
corrosive fluids, electrostatic precipitatorse, 
curtain walle, and flame arrestors, 


Electrical uses include resistance-heating 
elements, thermoelectric elements, vacuum-tube 
gride, infrared emitters, and static elimina- 
tors, Plating, spraying, or vacuum depositing 
of metale on graphite textiles facilitates 
making electrical connections, 


Other applications include valve packing and 
gasket materiale for high-temperature sealé 
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such as those in jet engines, low-temperature 
panel heating, and conveyor belting for high- 
temperature equipment. The nuclear properties 
of graphite enable the fabric to slow down 
high-velocity neutrons to thermal epeed 
without appreciable neutron absorption, 


< A remarkable new material made from powdered 
aluminum oxide has the composition of a ceramic, 

1 i ~transmittin 
properties of glass. Called "Lucalox,” it's a 
polycrystalline made by General Electric Co, 
Schenectady, NY. A bar of Lucalox can support 50 
grams up to 3200F, while quartz bar bends. 





Lucalox ie strong, but can be pressed into any 
shape. Possible applications are in high- 
intensity incandescent and discharge lamps 
used to test missile nose cones, and many 
other devices requiring transparent envelopes, 


electronics 


An important advance in semiconductors, the 
tunnel diode has been discovered by Leo Esaki, a 
Japanese scientist. It is a practical application 
of “quantum-mechanical tunneling." The term is 
used to describe the manner in which electrical 
charges move through the device—with the speed 
of light, in contrast to the relatively slow mo- 
tion of electrical charge carriers in transistore, 


< The tunnel diode will be a boon to computers, 
communications, nuclear control, satellites, 
and space vehicles because of its speed, 
modest power needs, insensitivity to temp- 
erature change, ruggedness, low noise level, 
simplicity, and small size, 


« A p-n-p-n semiconductor element that can serve 
ae the basic building block of a silicon stepping 
switch has been developed at Bell Telephone Labe, 
463 Weet St, NY 14. Photo magnifies the device 100 
times. Potential applications: digital computere, 
pushbutton dialing, and telephone sewitching. 


A freeh outburst of attention will be paid to 
titanium in the next few months, Widely researched, 
the steel-setrong lightweight metal has been so dif- 
ficult to obtain that past production has been low, 


Now the Norton Co, Worcester 6, Mass, hopes to 
reduce the difficulty and expense of obtaining 
titanium with its new electrolytic procese, 
Norton will produce 99,6 ure titanium from 
titanium carbide—an inexpensive compound 
containing three times as much titanium as 
currently-used titanium tetrachloride, 





Also, Du Pont will establish a new research 
center at ite titanium-dioxide plant in Balti- 
more to etudy titanium and refractory metale, 


chemistry 


High-purity petrochemical products are assured 
by recent advances in gas chromatography that permit 
production of materials so pure they require new 
standards of measurement, Contamination of less 
than 1/100% can be detected in waxes, oils, foods, 
and drugs, says Gulf Oil Research Labs, Pittsburgh. 





Rugged new polymers which do not have the 


traditional carbon-to-carbon chains have been 
developed by R. N. Haszeldine of Manchester Univ, 
England, He is studying monomers which contain 
bonds between two elements where either one or both 
are atoms of elements other than carbon, Elements 
getting most attention are phosphorous, boron, 
silicen, and nitrogen, 


Solid-fuel chemiete are turning to aluminum in 
their search for greater energy. Increases of 10% 
to 30% in solid-fuel thrusts are now possible with 
aluminum powder as an additive, according to 
Atlantic Research Corp, Arlington, Va. 





R&D continues to boost computer speeds and 
versatility. Small size and high shock strength 
are stressed, 


An unusual matrix calculus computer hase been 
designed by Washington Univ, St. Louis, Mo, 


to operate with differential, algebraic, and 
integral matrix equations, Said to possess 
complete Stability in operation, it can be 
used directly by the researcher for linear 
traneformations and matrix produces, 


Another computer—an ad ed 

digi er for complet li evalua- 
tions——-is said to be 17 times faster and 12 
times cheaper than previous models, Develop- 
ed by Lockheed Missiles & Space Div, Sunnyvale, 
Calif, the plotter's transistorized circuitry 
and high-speed magnetic tape make a graph 

in one operation, 


"Videograph," combini t i s of el o- 
static printing and TV, tranemite and repro- 
duces documenteé and photographs moving objects 
on paper or a TV ecreen, A,B, Dick Co, 310 N 
Dearborn St, Chicago says an electrostatic 
printing tube boosts speed to 10,000 lines a 
min, (Previous top speed—1,500 lines a min,) 
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RADIO INTERFERENCE 
wave S 





- ass lightin anel., . . Radio interference 
caused by fluorescent lighting is eliminated with 
a new coated optical panel that fits over the 

lighting fixture. Coating is a thin, transparent 
electrically-conductive film which intercepts the 
radiated interference, grounded by a 1/4-in. wide 
silver strip fired into the film around the glass. 
Available from Corning Glass Co, Corning, NY. 


4 Shock absorbing material. . . A raw egg would 
bounce off Ensolite after a 10-story fall, says 


U.S, Rubber Co, NY 20. Fire-resistant Ensolite 
will be useful as a padding material in water 
safety, athletic, and other equipment. 


< Alumina tubes. . . Porous alumina tubes for 
melting and high-heat treatment (up to 3450F) has 
been developed by Morganite Inc, 3300 48 Av, L,I, 


1, NY, for use in hydrogen and cracked ammonia 
reducing atmospheres, 


< Magnetic shielding kit. . . The Perfection 
Mica Co, 1322 N Elston Av, Chicago 22 offere kits 
permitting the design engineer to evaluate how 
many layers of material are needed, what con- 
figuration, etc. Cost from $24.90 to $99.50. 


Selectively fluorinated products. . . Du Pont 
ise manufacturing a unique chemical——eulfur tetra- 
fluoride—which opens a new range of selective 
fluorination in pharmaceuticals, oils, and 
plastics. The chemical reacts effectively with 
ketones, carbonyl compounds, and carboxylic acide, 


< e onic fish-fin . « - A portable 
inetrument bounces ultrasonic signals off the 
bottom of a body of water to indicate depth of 
water, type of bottom, and "where the fish are." 
Raytheon Corp, Waltham, Maes. says the fish- 
finder will sell for $125. 


< Inexpensiv ioactive fallout detector, 
FIDO fallout intensity detector oscillator is 

being marketed by Controls for Radiation Inc, 

Cambridge, Mase. Accurate and emall, it sells 
for $10 to $15. 


Sincerely, 


FRR 


Assistant Editor 
INDUSTRIAL RESEARCH 
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We Have Taken the “Rare” out of “Rare Earths” 


You Now Have a Wide Choice of Readily 


We were thinking the other day of the 
progress we have made in taking the 
“rare” out of “rare 
“earth” 


descriptive, either. 


earths.” Even the 


in rare earth is not completely 
Actually, the name rare earths does 
fit these elements into the periodic SyS- 
tem, for they are earthy when in the 
form of oxides. In this respect, they re- 
semble the “earth” elements, aluminum 
came 
from the fact that those wonderful 


chemists of the last century thought 


being a good example. The “rare” 


that they were indeed rare, since the 
only supplies available were derived 
from quite rare and exotic minerals 
found then in a very few pegmatitic 
de posits in Norway. 

Now, of course, you can buy rare 
earths in almost any size, shape and 
form. You can order in grams, ounces, 
pounds, and in many cases in carloads! 

T hese elements have been described 
by other names such as “lanthanides” 
and “lanthanons.” Technically, these 
are the elements lanthanum, atomic 
number 57, and the next fourteen ele- 
ments in the periodic system Thus, rare 
earths include all the elements from 
atomic number 57 to 71 (lanthanum to 
lutetium ) 

Due to some remarkable similarities 
in properties, the rare earths tend to 
occur together in nature. These same 
properties make it difficult to separate 
them in some cases. From the stand- 
point of availability of commercial 


materials, there are several choices. 


Rare Earth Materials. The ore mineral 
commonly used as a source of rare 
earths is monazite. Rare earths ex- 
tracted without any appreciable sepa- 


ration are marketed commercially as 


| 


| 


OFFICES: CHICAGO * LOS ANGELES * SAN FRANCISCO *©* NEW YORK * PORTLAND (ORE.) 
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THE RARE EARTHS 


ATOMIC 
NUMBER ELEMENT 


39 ......¥ttrium 

57 : Lanthanum 
58 shad Cerium 

59 , Praseodymium 
60 Neodymium 
62 Samarium 
63 7” Europium 
_ ao Gadolinium 
65 . Terbium 
66... Dysprosium 
67 Holmium 
68 ; Erbium 

69 Thulium 

70 Ytterbium 
71 Lutetium 
Ps: da'eew's uccin a See 











“rare earth” salts or materials. They 
contain these elements in about the 
same ratios as in the ore: roughly one- 
half cerium, one-quarter lanthanum, 
one-fifth neodymium, about five per 
cent praseodymium, and smaller 
amounts of the other rare earths. Be- 
ing close to the starting material, “rare 


earth” salts are the most economical. 


Cerium. Cerium is the most important 
single rare earth, relatively easy to sep- 
arate and available in a rather complete 
range from commercial to high purity 


gr ades. 


Didymium. Taking cerium out of the 
rare earth mixture leaves a collection of 
Didy- 


mium materials, like cerium, are close 


rare earths we call “didymium.” 


to the starting ore, so costs aren't ex- 


cessive. 


PLEASE ADDRESS INQUIRIES TO 


Available Materials 


High Purity Materials. Lindsay pio- 
neered the first commercially installed 
ion exchange plant for the production 
of individually separated rare earths in 
purities up to 99.99%. These high pur- 
ity materials are now readily available 
at prices which were unheard of only 


a few years ago. 


Many applications. We have made re- 
through the de- 
velopment of improved techniques for 


markable progress eee 


the separation of the rare earths, and 
expansion ot production facilities ... in 
taking the “rare” out of “rare earths.” 
Needless to say we were compelled by 
considerable urgency to satisfy the 
rapid growth in demand by industry 
for many new uses. 
7 — — 

We have prepared a revised edition of 
our technical data describing our rare 
earth, yttrium and thorium materials. 
Your request for the “Lindsay Binder” 
will bring you this collection of data 
promptly. If you have a specific idea or 
use in mind, let us know and our tech- 
nical people will try to supply perti- 
nent data. 


We show you this photo of bulk handling of 
rare earth intermediates at our West Chicago 
plant to suggest that rare earth materials are 
produced in large tonnages. They are avail 
bl for prompt shipment, some of them in 
carload quantities. Price Ss, in ide ntally, are 
surprisingly low. 


| INDSAY CHEMICAL | )IVISION 


<< American Polash & Chemical Corporation 


251 ANN STREET, WEST CHICAGO 


For additional information, circle No. 27 on the Readers’ Service Card. 
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What's happening to pyroceram? 


MAANNOUNCED IN 1957, “Pyroceram”—the glass that can be 
made harder than high-carbon steel, lighter than aluminum, 
and resistant to deformation at high temperatures—has all 
but vanished from the press 


In the past two years, extensive product development 
has been going on at Corning Glass Works, Corning, N.Y 
The program has led to production of such widely diver- 
gent products as missile radomes and cooking-serving 
ware for the home 


Ultimate goal, according to pyroceram inventor Dr 
S. D. Stookey, is development of materials that are even 
more superior in resisting heat, mechanical breakage, or 
chemical attack. Among the many new applications of the 
materials now under study, for instance,are pyroceram 
products for chemical processing equipment 

In mechanical properties, pyroceram glass-ceramics are 
now generally higher in Young's modulus than glasses, 
ranging from 12.5 million to 20 million psi with strengths 
higher than glasses and most ceramics 

Some of the materials are resistant to high temperatures 
in terms of both strength and oxidation. Some are lighter 
and harder than most metals. In thermal conductivity, 
some are classed as heat insulators. Some are like glasses 
in their ability to resist chemical attack with measured 
durabilities in weight-loss comparable to the durable chemi- 
cal glasses 


Several thousand types of pyroceram have been made 
experimentally. Dr. Stookey who holds 28 patents in 
glass and related developments — expects that the family 
of glass-ceramics eventually will offer as many composi- 
tions as glass itself 

In one successful production run of a general-purpose 
glass-ceramic (9608), every kind of article from ball 
bearings to beakers was produced. Items included tubing, 
skillets, sheet glass, and even large telescope mirror blanks 
It represented a million dollar “vote of confidence” in a 
glass that had to be formed hotter than any large-scale 
production glass ever made 


The run clearly demonstrated the commercial possibili- 
ties of pyroceram. Within a matter of months, a line of 
cooking-serving ware was on the market. Radomes are 
being produced today in the hundreds. A host of other 
products have been produced for sampling, evaluation, 
and testing 

Considerable advances have been made, for example, in 
production of high-temperature, corrosion-resistant bear- 
ings of pyroceram. Successful tests have been carried on 
without lubrication at temperatures of 1000 F, under both 
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HAAN ae 


1. CERCOR BLOCK is heated bright red on one side, 
yet remains cool on opposite side. 


5. PYROCERAM INVENTOR, Dr. Donald Stookey. 


6. Low-viscosity Pyroceram can be melted 
and poured like metal for wide applications. 


1 


te R PHOTOGRAPHS BY JON POWNALL 





heavy and light loads. 

Sliding tests in corrosive media 
have shown lower co-efficients of fric- 
tion and less surface wear or damage 
occurred when sliding pyroceram 
against itself or against metal than 
when sliding metal against metal. 
Rolling tests conducted without lubri- 
cation between pyroceram and high 
temperature metal balls (at 1800 F) 
showed little wear or surface damage 
on pyroceram or balls. 

Pyroceram is one of the base ma- 
terials for a new group of thin-walled 
cellular ceramic materials called “Cer- 
cor.” Corrosion resistant, these ma- 
terials are able to operate at high 
temperatures (1000 C for short terms, 
700 C continuously) with excellent 
thermal shock resistance because of 
their virtual zero thermal expansion. 

With high surface area and low 
expansion, cercor corrugated ceramics 
are beginning to be used in gaseous 
heat exchangers as catalyst supports, 
and in structural, acoustical, filtering, 
flow control, and insulating applica- 
tions. 

From the outset, pyroceram at- 
tracted the interest of the aircraft and 
missile industry, for certain missile 
radomes and for fliush-mounted ra- 
domes, the “antenna windows.” 

Why pyroceram? Properties can be 
held constant during fabrication. 
Glass-ceramic radomes can be manu- 
factured with greater speed and ease 
than radomes of other materials such 
as alumina or fiber glass laminates. 

Pyroceram radomes can be pro- 
duced with extremely good di-electric 
properties over a broad temperature 
range. Glass-ceramic radomes will 
withstand 2200 F for short tertas with- 
out deforming. 

In electronics, pyroceram cement is 
being used to seal glasses, ceramics, 
and metal in the high-melt range — 
for instance, to seal the face panel 
to the funnel of all-glass color tele- 
vision bulbs, or to embed hundreds of 
lead wires in the four-inch faceplate 
of a multiple target cathode ray tube. 

These are just a few of hundreds 
of present and potential applications 
inherent in pyroceram’s basic advan- 
tage over other materials. Service tem- 
peratures of plastics, for instance, 
have gone up but are limited to a few 
hundred degrees centigrade. 

Metal alloys have been developed 
for high temperature use, but are sub- 
ject to oxidation and degradation of 
properties at elevated temperatures. 
And since they are not electrical in- 
sulators, they are ruled out for many 
applications. 

Ceramics, too, have been produced 
for high-temperature products, but 
many of these materials are porous 
and have large crystal grain size which 





Controlling | dry flow... 


No two dry materials move exactly alike. Carbon black doesn’t 
flow in the same way as cement; plastic resin fluidity is different 
than powdered metals’. 

That’s why a group at W&T specializes in dry fluid mechanics. 
And from this specialization comes the complete line of W&T 
metering and feeding equipment for any kind of dry flow- 
ing material. 

If you have batch processes, W&T Feeders can control batching 
more accurately ... possibly even help create continuous proc- 
essing. Or perhaps you want to increase the efficiency of an 
existing continuous process through higher accuracy—-wider 
range. Then, too, there’s inventory and accounting. W&T 
Meters can measure and record the movement of dry materials 
into, through or out of your plant. 


May we send you more information? 
Just address Department M-46.49. 


WALLACE & TIERNAN INCORPORATED 


2S MAIN STREET, BELLEVILLE 9,NEW JERSEY 





For additional information, circle No. 28 on the Readers’ Service Card. 
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annual PYROCERAM NOSE CONE 


reports | is inspected in glassy state 
at by Corning’s H. B. Younker. 

Heat treaiment will transform 
cone to an opaque ceramic. 


reduces their mechanical strength 
Many are difficult to fabricate to accu- 
rate dimensions and large shapes 

High-temperature glasses, such as 
fused silica, have been made. But 
they are relatively expensive, difficult 
to fabricate, and do not have the 
broad range of physical properties 
available in pyroceram 

Development of pyroceram has 
been highly successful and expen- 
sive. Corning regularly allots twice 
the percentage of sales dollars tor re- 
search as does the average American 
industry. The firm’s research labora- 
tories, formally organized 51 years 
ago, today have more than 340 scien- 
tists engaged in fundamental and ap- 
plied research 


An interesting photographic mate- 
rial that is developed in boiling water 
is being marketed to industrial, ama- 
teur, and research photographers by 
Charles Beseler Co., East Orange, N.J 

Called “Slide-O-Film.” the material 
is sensitive only to ultraviolet light 
But there being sufficient uv in any 
concentrated-filament projector bulb, 
the film, in effect, is sensitive to prac- 
tically all light sources. Thus it is used 
for making black-and-white negatives 
of either b&w or color transparencies 
It is not suitable for direct photogra- 
phy, however, because of its very slow 
speed 

For halftone or line copy work, for 
making positive projection slides from 
b&w or color negatives, Polaroid trans- 
parencies, or for blowing up movie 
film frames, the material is_ ideal 
After a 20 to 60-second exposure, the 
film is developed merely by dipping 
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BOILING WATER 

or other heat source 
develops a halftone or line 
reproduction made 

on Beseler’s Slide-O-Film. 


into boiling water or subjecting it to 
any other heat source between 212 
and 250 degrees F 

Slide-O-Film appears to be ideal 
for photo-offset printers. For instance, 
a printer may wish to send several 
proofs from original offset negatives 
to his client which he can do with- 
out darkroom or chemicals 

Similarly, slide-o-film can be used 
to make quick positives from x-ray 
negatives. In this way, radiologists 
can make many duplicates and send 
them to several experts for analysis 

In polaroid photography, slide-o- 
film serves a unique purpose. It is 
now just as easy and as fast to get a 
negative from a polaroid slide as it 
was to get the “picture in a minute” 
slide in the first place 

Since this material contains no silver 
nitrate in any form, it is totally free 
of grain (except for the almost non- 
existant grain of the base itself). As 
a result, copies can be made with 
higher resolution than available in 
even the finest fine-grain film. Images, 
therefore, can be projected to any 
size without loss of detail as long 
as sufficient contrast remains to make 
the image discernible 

The base of slide-o-film is du Pont’s 
Mylar. which resists tearing. The im- 
age is non-fading. Actually the older 
a slide-o-film, the more permanent it 
becomes 

Slide-o-film, developed for Charles 
Beseler Co. by the Kalver Corp., New 
Orleans, is similar to the older “Kal- 
fax” film produced by Kalvar. Kalfax, 
however, does not have the wide range 
of sensitivity peculiar to slide-o-film, 
the characteristic that makes it satis- 
factory for halftone work « 
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There are too many magazines already. Time 
is my mosi precious commodity. Why waste it 
reading about other people’s ideas? Only with 
money can I buy time. Why spend money for 
your magazine when I can use it to pay some- 
one to get ideas. Besides, ideas are dime a dozen. 
Who needs them? All I lack is time...time... 


time...I am a busy executive. I administer 


engineering projects. I don’t need ideas and I 


don’t read Industrial Research. This way, I 
save $5 every year, or $9 every two years, or 


$13 every three years. My name is Vacuum. 


Time is my most precious commodity. I can 
turn it into money, accomplishment, love, or 
happiness. All I need is an idea and a thousand 
sub-ideas. Anything that supplies me with 


workable ideas is worth money. I pay engineers 


_tens of thousands of dollars a year to work 


out ideas. If Industrial Research gives me one 


workable idea it’s well-worth the $5. If it gives 


me 100 ideas, I’ll replace my engineers with 


“it, My name is Progress. 


DS inousrerar ve 





FREE REPRINTS 
OSend a free reprint of the following articles: 





INFORMATION ON ADVERTISEMENTS 
O Please send information on the following advertisements: 


1 2 3 4 5 6 7 8 9 W I 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 


ee ae ae ae ae aes See Sa ag Se Sa Sei Seg Sie Eee 


My name: 
i (title) 
Company :___ 


i “(company’s product or service) 
Address :____ 


(city) (zone) (state) 
Se ee ae ee See Sie See Sie See Se Sie ae Seg See See 


SPECIAL CHRISTMAS RATES (bimonthly subscriptions) 
Your own subscription or first gift: $5 (1 year), $9 (2 years), $13 (3 years)* 
Additional subscriptions: $4 (1 year), $7.50 (2 years), $11 (3 years)* 
*A 3-year subscription entitles you to a free copy of the thick, new, hard-cover book, Stimulus ($6.75 in book- 


stores—see ad on page 10). Stimulus will be sent before Christmas to you, unless otherwise directed. 
() Enter my subscription (fill in red box above): [] 1 yr. [] 2 yrs. [] 3 yrs.* 


C] Enter these gift subscriptions and sign my name to gift card: 



































COMPANY 





city ~~~ STATE 


0) Check enclosed C) Bill me later ne postage required 





INFORMATION ON ADVERTISEMENTS 
OC Please send information on the following advertisements: 
7,2 83 6.8 6 F 86.2 WS... Rus Be ee we. te ee eee 


31 32 33 34 35 3% 37 38 39 «40 «41 «42 «43«44««45«~«C 46 «O47 «248 ~«249«50 «C51 «O52 «53 «C54 «CSS C56 CST C8 Ce C8 


Ne ae ae Ne See ee See Se Site See ee See Sie See 


8 BSA EOE Bs WT Pe ane ae 


(title) a 
Company: ets ae prea 
(company’s product or service) 
RE TS LES SETS AS 
(city) (zone) (state) 
See ee ee aan Seen Sie See Sees SNe Sits Set Sees Sieg Sees Se 
SPECIAL CHRIST IAS RATES (bimonthly subscriptions ) 


Your own subscription or year), $9 (2 years), $13 (3 years)* 
Additional subscriptions: $4 (1 year), $7.50 (2 years), $11 (3 years)* 























*A 3-year subscription entitles you to a free copy of the thick, new, hard-cover book, Stimulus ($6.75 in book- 


stores—see ad on page 10). Stimulus will be sent before Christmas to you, unless otherwise directed. 
[] Enter my subscription (fill in red box above): [] 1 yr. [) 2 yrs. [] 3 yrs.* 


[] Enter these gift subscriptions and sign my name to gift card: 


~~ NAME eT Ter: 





COMPANY 


ov 


NAME 











TITLE 


ADDRESS 
IT: ae ET Ss a prittipimeaiela 1 yr. . ° 
city ZONE - SE Pes 0 1 yr 0 2 yrs. 0 3 yrs. 


(0 Check enclosed 0) Bill me later 


a oe ee te te) ee 











INDUSTRIAL RESEARCH—Nov-vEC, 159 OF 











Business Reply Card 
no postage necessary if mailed in the United States 








postage will be paid by: 


RESEARCH 


200 s. michigan ave., chicago 4, illinois 








Business Reply Card 


no postage necessary if mailed in the United States 











postage will be paid by: 


RESEARCH 


200 s. michigan ave., chicago 4, illinois 











FIRST CLASS 
PERMIT No. 51137 
CHICAGO, ILL. 














FIRST CLASS 
PERMIT No, 51137 
CHICAGO, ILL. 











ADVERTISERS’ INDEX 


. ; 
ye Sry ttt} f 


American Edelstaal Inc........ 83 
Agency: Harold J. Siesel Co. 


Armour Research Foundation.. 29 


Automatic Electric Co., 
a subsidiary of General Telephone 


ee ee 59 
Agency: Kunder Agency Inc. 

Charles Beseler Co., 

Slide-O-Film Division ........... 33 


Agency: Marwel Advertising Inc. 


Carborundum Co. ............ 103 
Agency: G.M. Basford Co. 
Chromalloy Corp. ............ 15 
Agency: Williams Advertising 
Ine. 
Dow Corning Corp. .......... 86 
Agency: Church & Guisewite 


Advertising Inc. 


Evans Research & Development 


GN wo csavend seencdeshendess 9 

Agency: Asher, Godfrey & Frank- 
lin Ine. 

Foote Mineral Co. ............ 17 


Agency: The Harry P. Bridge Co. 


General Electric Co., 


Defense Systems Division ....... 1 
Agency: Deutsch & Shea Inc. 

General Mills Inc., 

Nuclear Equipment Dept. ....... 29 
Agency: Knox Reeves Advertis- 

ing Inc. 
W. R. Grace & Co., 
Davison Chemical Division ...... 27 


Agency: Van Sant, Dugdale & 
Co. Ine. 


Graphic Systems 
Agency: Diener & Dorskind Inc. 


Se Gab or vecvsendessces 94 


Alexander Hamilton Institute... 19 


Agency: Wunderman, Ricotta & 
Kline Inc. 


Hevi-Duty Electric Co. ........ 29 
Agency: The Cramer-Krasselt Co. 


Hudson Bay Co., 
Division of Labline Inc.......... 18 


Agency: Bozell & Jacobs Inc. 














Industrial Research 


Scientific Research Publishing 
Co. Ine. 


International Telephone & Tele- 
graph Corp., ITT Laboratories. . 35 
Agency: Carpenter-Proctor Inc. 


Kellogg Switchboard 
TY 60 wc tsenaeadains 36 


Agency: Lennen & Newell Inc. 
Kinney Manufacturing Division, 
The New York Air Brake Co...... 85 

Agency: Humbert & Jones Inc. 


Lindsay Chemical Division 
American Potash & Chemical Corp. 91 
Agency: C. Franklin Brown Inc. 


The Martin Co., 
Denver Division 


Agency: E. M. Halvorson Co. 


Mast Development Company 


DE a. xe wiecn eae a eee ee ae 32 
New York Department of 
NE (0. down ne eeenaad 34 


Agency: Batten, Barton, Durstine 
& Osborn Inc. 


Pereny Equipment Co. ........ 25 
Agency: Wheeler, Kight & Gainey 
Inc. 
Philco Corp. 


Government & Industrial Division. 41 
Agency: Maxwell Associates Inc. 


Popular Mechanics Press...... 31 
Radiation Electronics Co....... 42 
Agency: Frank C. Nahser Inc. 
Republic Aviation Corp........ 62 
Agency: Deutsch & Shea Inc. 
Royal McBee Corp. ........... 2 

Agency: C.J. La Roche & Co. Inc. 
Foster D. Snell Inc............. 1 
Agency: Adams & Keyes Inc. 
DS 65.445 si ccd Cenceedad 10 

Scientific Research Publish- 


ing Co. Ine. 
The Strathmore Co............ 95 


Vanguard Instrument Corp. ... 30 
Agency: Chaunwood Associates 


Ine. 
Wallace & Tiernan Inc......... 93 
Agency: Branstater Associates 
Ine. 
John Wiley & Sons Inc......... 31 
Agency: Needham & Grohmann 
Ine. 








How To Get Things Done 
Better And Faster 


iL 


i 
nee , 
oa 


oa caac sone 
‘peseaa sea ee 
Heer e esasecsanate 


a 


2.0008 40068000 
a? "—eEee a teritey 
Stitt tte 
ea6 





BOARDMASTER VISUAL CONTROL 


vy Gives Graphic Picture—Saves Time, 
Saves Money, Prevents Errors 

» Simple to operate —Type or Write 
on Cards, Snap in Grooves 

vy Ideal for Production, Traffic, Inven- 
tory, Scheduling, Sales, Etc. 

vy Made of Metal Compact and At- 
tractive. Over 400,000 in Use 


Full price $4950 with cards 
24-PAGE BOOKLET 
FREE 


NO. DA-20 
Without Obligation 
Write for Your Copy Today 
GRAPHIC SYSTEMS 


55 W. 42nd Street * New York 36, N. Y. 























Circle No. 31 on Readers’ Service Card. 











$5 WILL GET YOU 
$100 


or more worth of vital ideas on 
the applications of R&D to your 
business. After all, if you get but 
one usable idea from reading In- 
dustrial Research, it will have 
been well worth your while. 








| (See special gift rates on Readers’ 
| Service card.) 


| © $5 for one year 0 $9 for two years 
| C) $13 for three years (bimonthly) 
1 C) check enclosed (© bill me later 

















| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
PLEASE PRINT | 
| 
| 
| 
| 
! 
! 
| 
| 
| 
| 
| 


| 

I 

| sams 

| 

postition 

| 

| company 

| 

address 

| 

| cuy zone stale 
RR eee eae 4 


INDUSTRIAL RESEARCH-—NOV-DEC, 1959 9399 








(Heavy numerals refer to 
issue numbers in volume 
one.) 


accelerometer 4:66, 67 


accoustics 1:74 
advertising 2:62, 76, 96 
aircraft 


1:33-37, 84, 85; 2:39, 42 
alloys 3:20-26; 4:12-18 
The American High School 
Today book review) 2:94 


{nother Automobile Revolu- 
fron 4:20 
anti-gravity 4:55 
aqua-therm 3:12-18 
fre American Steel Method 
Growing Old? 1:19 
Armour Research Founda- 
tion 1 :63-69;4: 53-538 
Artificial Satellites (book re 


view) 2:96 


Austin, Dr. James B, author 
of Are American Steel Meth- 
ods Growing Old? 1:23 


Automata 2:46 


automation 
1:56-61, 63-69; 2:46-59 
automobiles 4:20-31 


“Basic Research’ 
section) 


( pecial 


3:43-74 


Battelle Memorial Institute 
3:20-26 


Bender, Welcome W., author 
of The Martin Co's Well- 
pring of Idea 3:63 


Berdick, Dr. Murray, author 
of Reinforcing the Plastic 
Revolution 2:83 


Berg, Warren S., co-author 
of Your Dollar Returns from 


Researel 1:78 
Berland, Theodore, author 
of Blue Sky Profit 3:50 
Bessemer furnace 1:25 
Blue-Sky Profits 3:44 
boat 2:85 
Von Braun, Werner 4:51 
Busignies, Henri G 2:16 


Busine Decision Making 
2:65 


Camras, Marvin, co-author 
Tape Recording Today 
1:68 


1:88; 3:64 


cancer 





FOO inoustRiat RESEARCH NOV-DEC, 1959 





Can Research Save The Rail- 
roads? 4:80 
Carnegie Institute of Tech- 
nology 2 :64-70 


chemistry... 2:42; 3:40; 4:89 


chromium 4:16 
cobalt-60 4:69 
columbium 4:14 
commuter railroads 4:83 


Company Climate and Crea- 
tivily (book review) 2:96 


computers 

1:16; 2:37, 53, 67; 4:89 
Conant, Dr. James B. 2 
Congress of the U.S. 3:70 
Congreve, Sir WHliam...4 
construction 2 
cryoton 2:59 
decision-making 2 :64-70 


Dennis, Robert J., co-author 
of Simulating Space 4:67 


DEW line 2:19 


Dichter, Dr. Ernest, author 
of Motivating the Technical 


Mind 2:71 
Discover 4:48-49 
The Dream World of Space 

4:53 


3:94, 95 


Dunn, Clark A., author of 


Duncan, Paul 


Research Institutes 3:55 
Education and Freedom (book 
review ) 2:94 


Elbers, Gerald W 3:94, 95 


electroluminescence 
3:28-34, 3838 


electronk 


1:38; 2:36, 42; 3:38; 4:32, 88 


engineers 


1:30; 2:73; 3:76-80 


environmental testing 
4:63-69 


Evans Research & Develop 
ment Corp 2:81-86 


explosion chamber...4:63, 65 
featherbedding 4:51 


Feazel, Dr. Charles E., auth 


or of 1959 Forecast 1:16 
fiber 1:18 
The Flying Machine: a neu 
era 1:32; 2:23; 3:82 
food 1:18 


Foote Mineral Co. 4:70-78 


fuels 2:16, 
49; 3:86; 4:26, 57, 76, 84 
Gentieu, Norman P., co- 
author of The Rocket: past 
and future history 4:73 


Goddard, Robert Hutching 
4:74 


Goodwin, Harry B., author 
of The World's Hottest Alloys 
3:20; 4:12 


government 3:68-74 
gravity 3:65 
health 1:10, 52; 3:39 


heat resistance 3 :20-26 


helicopters 1:35, 36 
homeostat 2:56 
hot boxes 4:84 


Hudson Bay Co. 4:63-69 


Illinois Institute of Tech- 
nology 3:76-80 
infrared detection 
3:37, 38; 4:84 
Inland Testing Laboratories 
4:63-69 
Institute for Motivational 
Research 2:71-76 
International Telephone & 
Telegraph Corp. 2:16-22 
investment 2:42, 43, 78 
ionosphere 2:20 


Is there Really a Shortage of 
Engineers? 3:76 


Ivey, Dr. Henry F., author 
of Tomorrow's Light is Here 

3:31 
Jipp, John, co-author of 
Tape Recording Today... 1:68 
Kaulfi 2:8 
Kubicek, Earl C., author of 
Is there Really a Shortage of 
Engineers , 3:78 
lead time 4:37, 38 


Leverton, Walter, co-author 
of Semiconductors: a dynamic 
new industry 1:74 
lighting 1:16; 3:28-34, 88 
Little, Arthur D., Ine 
1:76-83 
magnesia 4:16 
management 
1:8, 85; 2:64-70 
March, James G., author of 
Decision Making 
2:65 


Busine 8: 





1:29, 50 


Markowitz, Dr. Meyer M., 
co-author of The Rocket: past 


79 


and future history 4:72 


marine 


The Martin Co’s Wellspring 
of Ideas 3:62 


Marvin, Philip R. 3:94 
mass production 2:84 


materials research 
4:87, 88, 92-95 


metals 1:14, 
18, 23-29, 46; 2:33, 78; 
3:20-26, 38; 4:12-18, 32, 88 


military research and devel- 
opment 
1:84; 3:91, 92; 4:37-40 


minerals 2:34 
miniaturization...1:50, 72-75 
1:13; 2:84 
3:26; 4:13 
4:44, 45, 52 


missiles 
molybdenum 
moon base 


Motivating the Technical 


Mind 2:71 
NASA 4:58, 77 
Navy, U.S. 4:6 


Newman, Alexander I., co- 
author of Simulating Space 


4:66 
1959 Forecast: $12 billion for 
research 1:12 


Nitrile Silicone Rubber...2:90 
nose cones 3:85 
nuclear 1:10, 16, 
48; 2:43; 3:39; 4:32, 84 
Oberth, Hermann 4:7 


Oklahoma State Univ. 
3:53, 55, 57, 59, 61 


Our Non-Scientific Govern- 


ment 3:68 
paint 2:38 
Palm, Felix 3:9 


perceptrons 2:46-59 


Pierce, Dr. J. R., author of 

The Dream World of Space 

4:54 

pistons 4:24 
plastics 

1:10, 18, 45; 2:81-86 


platinum 4:16 
pollution 1:10 
2:40, 90 


1:56-61 


polymerization 
post office 


“Psychology in Industry” 
2:46-76 


pyroceram 4:92 


(special section) 


Radler, D. H., author of 
Subception or Dece ption 

2:60 
railroads 4:80-85 
rare earths 1:29 


Raytheon Mfg. Co...1:72-75 





recreation 
Redstone 
rhenium 


Reinforcing the Plastics Rev 


olution 2:81 
relativity 4:49, 54 


Re earcl , applied 3:58: ba 


-74; profits 3:43-51, 


Rickover, 
G 

robot 

roc ke ts 


The Rocket 


histor 


pr 
4 

Rubinfi . Dav 
of Semiconductor 
new industry 
Russia 

Ruzic, Né 

4 utomat 
U'nderu 


lators 


atellite 


ubliminal perception 
2 :60-63 


tantalum 4:13 


7 a pe Recordin i] Today 1:63 


taxe 


telev on 


Telling, Dr Irving, co- 
author of Your Dollar Re- 
from Researcl 1:78 
{dventure in ril 

iq (book review) 

1:86 

There Adventure in Meteor- 
ology (book review 1:86 


thermoelectrici 3:88 


Tomorrou Light Here 
3:2 
Van gement and Re- 


book review 3:94 


i 


indergroun 


l'nderu 








Ceramic fiber takes 
many forms—extends heat 
limits of fibrous insulations 


FIBERFRAX® ceramic fiber provides 
insulations which can be used above 
the temperature limits of mineral 
wools, glass fiber and asbestos and 
alumina-silica compositions. It is 
chemically inert and has low thermal 
conductivity 


* BULK FIBER makes a resilient in- 
sulating packing for cracks and expan 
sion joints, furnace walls, annealing 
cars, induction furnaces, etc 


¢ TEXTILES include yarn for high 
temperature thermocouple and elec- 
trical wire insulation, rope for gasket 
ing in molten metal casting and other 
high temperature processes, cloth for 
flame curtains and temperature resist- 
ing membranes 


¢ PAPER offers a thin fibrous mat 
for lining oil-fired combustion cham- 
bers, a resilient pressure distribution 
and thermo-balance sheet for stainless 
steel honeycomb brazing, as well as 
a gasketing material 


¢ BLOCK features low thermal con- 
ductivity and heat capacity, immunity 
to thermal shock and inertness in hy- 
irogen and other atmospheres. 


¢ FELTS provide a convenient insu- 
lating wrap for high temperature 
pipes, flanges and furnace parts 


* COATING CEMENT air-sets to an 
insoluble dense heat resisting surface, 
bonds well to porous and many non- 
porous materials. For information 
write to Carborundum Ceramic Fiber 
Project, Dept. AMT, Niagara Falls, N.Y 


send for your 
FREE COPY of 
ADVANCED 
MATERIALS 
TECHNOLOGY 


A new quarterly publication published by Carborun 
dum deals with materials for severe applications 
involving high temperature abrasion, chemical attack 
and or corrosion. For your FREE subscription, write 
to Carborundum, Research & Development Division 
Dept. SA-89, Niagara Falls, New York 
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Registered Trade Mark 
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How to wrap up ZOOOF / 


kages” of tough, lightweight FIBERFRAX' 


Searing heats up to 2000 F can now be contained in “pa 
ceramic fiber insulation. Woven into cloth, twisted into rope; pressed into felt, paper and board; 
formed into tubes and shapes or used as bulk packing; it offers the ultimate in versatility for high 


temperature insulation. From the handling of molten metals to advanced problems of missile 
properties Of FIBERFRAX, discussed are attracting the 
help on problems involving extreme heat, abrasion or cor 

Falls, N. ¥ 


design the unique 
increased interest of designers. For 
Dept. AMT, Research «x Development Div Niagara 


rosion, write Carborundum 


Where conventional materials fail... call on 


CARBORUNDUM 
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serendipity 


creating new engineering concepts and discovering solutions to ee 


those problems which serendipity has revealed is the task of the professional minds 
at Martin-Denver. To individuals who possess this creative talent and who seek this i, Pp Fett “i Rea 


stimulation, there is offered an opportunity for outstanding recognition. To participate 
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in this program, inquire immediately of N. M. Pagan, Director of Technical and Scien- 
tific Staffing, The Martin Company, P.O. Box 179, (Dept. X-3), Denver 1, Colorado 
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